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Abstract 
U.S. birth and longer length of U.S. residence among immigrants have been 
associated with a higher risk of obesity. However, few studies have examined this pattern 
longitudinally or examined heterogeneity in this relationship. Doing so may inform how 
social processes that relate to different immigrant integration patterns impact obesity. 
Using prospective data from the Multi-Ethnic Study of Atherosclerosis (MESA) and 
repeated, cross-sections from the National Health and Nutrition Examination Survey 
(NHANES), this dissertation examined: 1) differences in rates of waist circumference 
(WC) increase among U.S. and foreign-born Hispanic and Chinese adults (MESA); 2) the 
role of the neighborhood environment in moderating the relationship between 
nativity/length of U.S. residence and WC among Hispanic and Chinese adults (MESA); 
and 3) variation over time in the relationship between nativity/length of U.S. residence 
and body mass index (BMI) and WC among Mexican-American adults (NHANES). 
Results demonstrated that longer exposure to the U.S. context does not have the same 
implications for weight gain for all immigrants. In MESA, Hispanic and Chinese 
immigrants did not have a greater rate of increase in WC over time relative to the U.S.-
born; however, foreign-born Mexican Hispanics experienced an accelerated rise in WC 
compared to both U.S.-born Mexican Hispanics and foreign-born non-Mexican 
Hispanics. Hispanic immigrants living in neighborhoods with greater healthy food 
 x 
 
availability had a lower mean WC than immigrants in neighborhoods with poor healthy 
food availability. Among Chinese, more recent immigrants living in more walkable 
neighborhoods increased in WC more slowly than recent immigrants in less walkable 
areas. Among Mexican-Americans in NHANES, there was a graded relationship between 
longer length of U.S. residence and higher BMI and WC, and this relationship did not 
change substantially between 1988-1994 and 2005-2008. However, there were important 
variations in this patterning by gender and by socioeconomic status. The share of 
immigrants in the U.S. population continues to grow. A more nuanced understanding of 
the impact of the U.S context on the health of this vulnerable group will inform public 
health interventions, and address troubling health disparities.
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Chapter 1 
Introduction 
Over the past 20 years, immigrants have represented a growing share of the U.S. 
population. A central theme to emerge from studies of immigrants to the U.S. is the 
documentation of a health advantage among immigrants over the native-born. As 
immigrants acculturate to American society, this apparent health advantage appears to 
diminish, possibly through the adoption of unhealthy behaviors prevalent in the host 
culture.  
 Obesity is a major risk factor for cardiovascular disease (CVD) affecting an 
increasingly large segment of the U.S. population. Many studies that have examined the 
relationship between acculturation and body mass index (BMI) have reported a lower risk 
of obesity among the foreign-born compared to the U.S.-born. Longer time in the U.S. 
has been associated with weight levels among the foreign-born that appear to converge to 
levels among the U.S.-born.  
 However few studies have investigated this relationship in a longitudinal manner 
and few have accounted for heterogeneity. Cross-sectional analyses of acculturation and 
measures of weight may conflate differences between individuals in different cohorts 
with the effects of time on a single individual, and may obscure any temporal trends in 
the relationship. The health consequences of acculturation may also be modified by 
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various factors including ethnicity, the residential environments, and calendar time. 
Ethnicity may be a function of cultural and behavioral practices associated with the 
country of origin and of features of the receiving environments in which specific 
immigrant ethnic groups settle. The area of residence itself also has implications for 
dietary and activity patterns that may contribute to the associations between acculturation 
and weight. Areas with limited resources for physical activity and healthy eating, for 
example, are thought create an environment that fosters poor health behaviors that may 
lead to higher obesity. However, the role of these environmental features in explaining or 
moderating the effects of acculturation on weight has not been thoroughly investigated. 
Finally, there may be secular variation in the relationship between measures of 
acculturation and weight. In light of increasing trends in global obesity, more recent 
waves of immigrants may be arriving with higher weight measures than earlier cohorts. 
Although longer length of U.S. residence may have been associated with higher obesity 
at a certain point in time, it is unclear if this relationship continues to hold for later waves 
of immigrants, many of whom are arriving from countries marked by their own obesity 
epidemics.  
 To address some of the limitations in the literature, this dissertation used 
longitudinal data in 2 of the 3 aims, and examined heterogeneity in the association 
between acculturation and measures of anthropometry in 3 ways: 1) by ethnicity, 2) by 
the residential neighborhood environment, and 3) by calendar time. Doing so may inform 
how social processes that relate to different immigrant integration patterns impact 
obesity. Uncovering sources of heterogeneity also points to immigrant groups that may 
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benefit most from interventions efforts. As the share of immigrants in the U.S. population 
grows, a better understanding of the anthropometric patterns in this population will be 
important for estimating future trends in obesity prevalence and associated health burden 
and costs. Further insight into the relationship between exposure to the U.S. environment 
and adiposity would also inform the design of interventions to preserve health and 
forestall the deterioration that may appear with longer time in the U.S. 
 
Specific Aims and Hypotheses 
Aim 1: To examine whether foreign-born Hispanic and Chinese adults experience greater 
increases in waist circumference (WC) over time relative to their U.S.-born counterparts, 
and to investigate heterogeneity in this relationship by Hispanic subgroup.  
Hypothesis 1a: The rate of WC increase over time will be greater among the foreign-born 
than the U.S.-born, consistent with the concept of convergence of foreign-born weight to 
U.S.-born levels. 
Hypothesis 1b: Among Hispanics, Mexican-origin Hispanics will have a faster rate of 
WC increase than their U.S.-born counterpart compared to non-Mexican Hispanics. 
 
Aim 2: To investigate whether neighborhoods of residence play a role in moderating the 
relationship between nativity/length of U.S. residence and waist circumference (cross-
sectionally and longitudinally) among Hispanics and Chinese adults. 
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Hypothesis 2a: The cross-sectional association between nativity/length of U.S. residence 
and waist circumference will be smaller in neighborhood environments with poorer 
healthy food availability and walkability.  
Hypothesis 2b: Over time, the waist circumference of the foreign-born will converge 
more rapidly to U.S.-born levels in neighborhoods with poorer healthy food availability 
and walkability. 
  
Aim 3: To examine whether the relationship between nativity/length of U.S. residence 
and body mass index and waist circumference varies by calendar time in a nationally 
representative sample of Mexican-American adults.  
Hypothesis 3: The association between higher acculturation and higher BMI and waist 
circumference will be stronger in earlier calendar years (1988-1994) compared to more 
recent calendar years (2005-2008). 
 
Immigrants and Health 
 In light of the rising tide of immigration over the past two decades, a number of 
studies have begun to explore health patterns among the foreign-born, particularly among 
Latinos and Asians, two groups that constitute the majority of the contemporary 
immigrant population. A central theme that has emerged is the observation of a ‘healthy 
immigrant effect’ whereby new immigrants appear to have a health advantage over those 
native-born (1). A complementary theme has also been recognized, often referred to as 
the ‘acculturation hypothesis,’ which posits a loss in this apparent advantage for 
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immigrants with increasing time spent living in the U.S. The suggestion is that any 
protective cultural buffering offered by immigrant status may diminish with increasing 
acculturation, resulting in a variety of health outcomes that approach levels found in the 
general U.S. population (2).  
 Potential explanations that have been offered for this initial health advantage have 
focused on selective migration and protective cultural factors (3). Individuals that choose 
to and are able to migrate are thought to be younger and healthier relative to their native 
populations, and are thus selected for their ability to better cope with the rigors of the 
migration process. In addition, host countries with medical screening processes have also 
historically been more inclined to allow entry to migrants in good health resulting in 
immigrant streams that may not actually necessarily be representative of their native 
counterparts with respect to a number of health indicators. There is some evidence of 
health selection among immigrants however validly quantifying this process has been 
difficult, and support for it remains mixed (3, 4). Cultural factors have also been cited as 
part of the rationale for the apparent initial health advantage. It has been hypothesized 
that values and customs rooted in an immigrant’s native society may serve to foster better 
health behaviors, possibly through the presence of stronger family ties and other forms of 
social support (3).  
 To explain the later decline associated with increasing exposure or time in the 
U.S., hypotheses have concentrated on processes related to stress, and the interplay of 
social, economic, cultural, and environmental influences, resulting in the convergence of 
health to host country levels. Stresses associated with the migration process, including 
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disruption of supportive networks that may have existed in an immigrant’s native 
country, and the adjustment to a new and sometimes hostile environment may be a 
pathway through which migration and re-settlement may adversely affect health (5). 
Particularly in the case of ethnic minorities, some investigators have also suggested that 
‘othering’ processes and discrimination could also facilitate adoption of more negative 
health behaviors through limitations on access to resources (6). 
 More generally studied is the concept of acculturation, defined as a process 
whereby immigrants over time come to adopt the behaviors and norms of their new 
culture. This deterioration in health that has been linked to the process of acculturation is 
thought to be related not only to acquisition of negative risk factors, such as poorer diet 
and increases in smoking and alcohol intake, but may also involve the loss of protective 
factors after leaving country of origin (7). With respect to weight gain, in qualitative 
studies, lack of personal time, increased social isolation, and physical environments 
characterized by limited availability of healthy foods and other resources have also been 
implicated in contributing to the later decline of health (2). Some evidence however also 
suggests a link between acculturation and more positive outcomes with respect to 
education, income and upward mobility, as well as to health indicators related to physical 
activity and access to care (8, 9). 
Acculturation 
 In most health studies of immigrants, acculturation has been construed in more 
simplistic terms despite recognition of the great complexity surrounding the construct. 
Considerable debate continues with respect to its conceptualization, measurement, and 
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even utility, and no standardized methods have been created to validly capture this multi-
dimensional process (9-11). Traditionally, health studies of acculturation have viewed the 
process more through the lens of classical assimilation theory whereby immigrants over 
time come to adopt the habits and customs of its host country at the expense of their own 
native culture. For a long time, this was a process that defined earlier, largely European 
immigrant streams. Also referred to as a linear, or unidirectional process of acculturation, 
many studies continued to similarly characterize this process among newer, more 
ethnically distinct immigrant waves. Theorists however began to frame the process 
among these newer immigrant groups as one that was more multidimensional and 
dynamic and that did not necessarily involve complete disentanglement from one’s own 
culture. More complex theoretical models of acculturation were offered, including ones 
that allowed for a more bicultural orientation where one’s native heritage may be retained 
at the same time one may be fully integrated into the mainstream culture (12).  
 The most common models for acculturation in public health however remain 
linearly oriented, utilizing single-measure proxies such as nativity, language, and years in 
U.S. to capture the construct (9). The assumption is not that these single measures are 
directly responsible for causing poor health, but rather it is the underlying processes that 
that they represent that may be operating to alter health behaviors. Several other scales 
have also been developed with more bi- or multi-dimensional orientations that aim to 
incorporate elements such as attitudes, values, and ethnic interaction, as well as more 
detailed information about language use in various work and social settings (13, 14). 
Critics nevertheless maintain that none of these constructs aptly measure the dynamic and 
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multi-dimensional nature of the process. Convenience and availability of proxy variables 
has largely driven their use in health studies.  
 Despite the limitations of currently available measures of acculturation, their 
utility is more likely to be based on research goals and the types of questions that are 
being asked. Simpler measures, for example, are not appropriate to measure changes in 
values, beliefs, and attitudes nor to gain a better grasp of the nuances of culture and its 
relation to health. However they may be useful as simple descriptors for describing the 
heterogeneity in immigrant populations, and as a basis from which investigators can 
begin to tease apart the relationship linking acculturation to health (9). Other 
investigators have also stressed the importance of including important modifiers to better 
account for variation in this relationship. Some recommendations put forward include 
accounting for contextual factors both prior to immigration, such as society of origin 
factors, and after immigration, such as settlement factors and geographic residence (11). 
While measurement of acculturation remains imperfect, utilizing available measures 
together with the inclusion of modifiers may provide additional clarity into the processes 
related to health that may be operating in the context of migrations and settlement (15).  
Review of the evidence  
 Comparative studies assessing the health status of immigrants and the native-born 
population have been done on a range of health outcomes, including mental health, infant 
mortality, hypertension, obesity, diabetes, and associated health behaviors, such as diet 
and physical activity. Specifically with respect to BMI and adiposity, established risk 
factors for cardiovascular disease, most studies lend support to the hypothesis that 
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acculturation is associated with an increase in obesity however a select few either report 
null results, or an inverse relationship. Some of the mixed results may be attributed to 
diversity in the assessment of acculturation, variation in the ethnic group under study, 
quality of the outcome being measured (self-report vs. measured BMI), and the 
inclusion/exclusion of relevant confounders and modifiers. Most studies are cross-
sectional, and are reviewed below with distinctions made by study design, acculturation 
measure used, and immigrant subgroup. 
Years in U.S. and Nativity 
 A review by Oza-Frank et al. effectively synthesizes the literature examining the 
relationship between years in the U.S. and weight among immigrants of all races. Fifteen 
articles were reviewed, all cross-sectional studies, with fourteen reporting an overall 
significant positive relationships between time in U.S. and body weight, though 
modification of this relationship is observed by race (16). All but one of these studies 
assessed the outcome, BMI, by self-report (17). Among Hispanics, results consistently 
demonstrated a higher BMI or obesity prevalence with more time in the U.S, however 
results were mixed for other racial/ethnic groups. In a study of California residents, 
investigators reported no clear pattern with time in the U.S. among Asians, and an inverse 
relationship among foreign-born Whites (18). An examination comparing foreign-born to 
U.S. born residents in NYC also revealed significantly higher BMI among U.S. born 
Hispanics, but null results among Asians (19). In contrast, Lauderdale et al. documented 
a significant positive relationship among all Asian ethnic subgroups, though the 
magnitude varied by ancestry (20).  
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 Two other studies utilized repeated cross-sections from the National Health 
Interview Survey (NHIS) to create synthetic cohorts by race/ethnicity to examine changes 
in BMI by immigrant cohort, and age at arrival cohorts (21, 22). In both papers, 
investigators attempted to separate the effect of duration of residence from cohort effects. 
A key finding in one of the studies was a marked gradient in increasing BMI with 
increasing time in the U.S. among Hispanics and Blacks, and no statistically significant 
change among Whites and Asians. There was also a significant interaction with age at 
arrival, demonstrating a stronger relationship between time in US and BMI for those who 
migrated younger (22). In the second paper, no differences by immigrant cohort were 
observed over time such that all cohorts by race (Asians were not examined), except for 
White females, exhibited a lower BMI than their respective native-born racial 
comparison. Results also revealed a higher BMI with time in U.S. for all race groups, 
however, only Hispanics converged and actually surpassed the BMI levels of the native-
born (21). 
Language: 
 A number of studies have also assessed the relationship between acculturation and 
BMI using primary language spoken as a single-variable proxy. All reviewed studies 
were cross-sectional in nature and results were generally mixed. In a study of Hispanics 
using the Hispanic Health and Nutrition Survey (HHANES), investigators reported a 
weak association between language preference and measured BMI overall, however 
results were also conditional on subgroup with significant associations found among 
Mexicans, but not among Cubans, or Puerto Ricans. Also, inconsistent with expected 
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findings, a lower BMI was associated with English preference specifically among women 
(23). In two separate studies using NHANES data, one demonstrated lower measured 
waist circumference among Mexican-born Spanish speakers, followed by Mexican-born 
English speakers, with the highest waist circumference levels observed among U.S. born 
Spanish speakers (24). A second study however reported lower BMI among Mexican 
Spanish speakers than among English speakers (25). Among other racial/ethnic groups, 
only one study assessing language was found among Chinese, which demonstrated 
conflicting evidence - use of English language was associated with lower BMI yet longer 
residence was associated with higher BMI (26).  
Other acculturation indicators: 
 A number of other studies have utilized other acculturation indicators such as 
generation, scales, or a combination of indicators. In one cross-sectional study of 
generation using a sample of Latino and Asian adults, higher generation was associated 
with higher BMI for most subgroups but not all, with differences particularly noted for 
Vietnamese adults who demonstrated lower BMI with increasing generation (27). Also in 
contrast to expected findings, one study that measured acculturation using scale measures 
documented a decrease in obesity levels with increasing acculturation among Mexican-
Americans (28). Possibly relevant however were the data years under study, 1979-1982.  
Longitudinal studies 
 Only one prospective study was found, which was conducted using a multi-ethnic 
cohort of children. This study examined the inter-relationship among generation, GDP 
per capita of child’s country of origin, and SES, and the association with BMI. Results 
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showed a positive association between generation and weight gain only among lower 
SES children from low-income countries (29).  
Limitations in the Literature  
 Although much of the literature lends general support to the relationship linking 
greater acculturation to obesity, there is considerable variation for which many studies 
fail to account. Even within more recent waves of immigration of the past 20 years, there 
remains an enormous amount of heterogeneity, even among the 2 largest immigrant 
majorities, Latinos and Asians. Various immigrants group may be motivated by different 
social, economic or political reasons for migrating, and are subject to, depending on age 
at arrival and time since arrival, influences of both the context in which they ultimately 
settle, and their place of origin (12, 27). Another factor contributing to some of the 
inconsistent results is the cross-sectional nature of most studies, which precludes the 
ability to rule out cohort effects and temporal trends that may be driving the relationship. 
To address some of the limitations that have been faced by previous studies, this 
dissertation contributes to this line of research by addressing issues specific to 
ethnicity/country of origin, temporal trends, and neighborhood of residence. 
Ethnicity/Country of origin 
 Studies that have investigated the association between acculturation and chronic 
health outcomes are often based on the assumption that immigrants originate from 
countries where lifestyle behaviors associated with development of chronic disease are 
less prevalent than in more developed countries such as the U.S. (1) The association 
between acculturation and adiposity, however, may differ depending on the lifestyle 
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habits, nutrient availability, and/or health profile of the sending country. In light of rising 
global trends in obesity, it may be that immigrants’ adiposity could be more reflective of 
health and development patterns in their country of origin rather than a problem that 
independently arises with increasing exposure to the U.S. context. This underscores the 
importance of considering variation by ethnicity or country of origin.  
 In many developing countries, unhealthy lifestyles related to poorer diets, and 
more sedentary lifestyles, along with rising life expectancy and changing socioeconomic 
environment have contributed to an escalating obesity problem (30). Also referred to as 
the nutrition transition, a process whereby societies converge towards diets high in 
saturated fats, sugar, and refined foods, accompanied by lower levels of activity, there is 
evidence that the rate of this transition is rapidly occurring in lower and middle-income 
developing countries (31). A range of factors, including urbanization, economic growth, 
and culture, are all thought to be driving this change. Examples of countries marked by 
accelerated transitions include China, Mexico, Thailand, and Indonesia (32).   
 In recognition of these global trends, researchers have begun to consider that the 
relationship between acculturation and obesity and mediating health behaviors may also 
be influenced by the way the behaviors are performed in the country of origin prior to 
moving to the U.S. (5, 12). After migration, factors associated with the receiving 
environment into which immigrants settle, the political, economic, and social context, as 
well as discrimination and legalization obstacles that may be faced by distinct groups 
may all contribute to shape differential health trajectories based on ethnicity or country of 
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origin (33). Studies that aggregate Latinos and Asians as two pan-ethnic groups fail to 
account for this level of heterogeneity. 
Calendar time 
 Influences associated with the development of global obesity are also apt to drive 
variation in the association between acculturation and adiposity across calendar time. The 
vast majority of studies have examined this relationship at a single point in time, which 
obscures aging and birth cohort effects, and does not allow for investigation of secular 
trends. In light of rising secular trends in obesity, both domestically and on a global level, 
some investigators have recognized that what are being interpreted as acculturation 
effects may actually be a reflection of changes occurring from within an immigrant’s host 
country (19). Moreover, in a world of increased globalization, it has also been suggested 
that more recent migrants may already have more exposure to Western influences and 
lifestyle behaviors than in previous decades which may also function to alter the 
relationship between acculturation and obesity (33). Although exposure to the U.S. 
context may have once had an effect on the BMI of immigrants, it remains unclear if this 
relationship continues to hold in more recent calendar years in light of these emerging 
trends. 
Neighborhood Context 
Links to Obesity and Health Behaviors 
 It has also been suggested that the social and physical context of settlement 
regions should also be considered in studies investigating immigrant health. Where 
immigrants settle may have implications for individual-level dietary and physical activity 
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patterns which may in turn contribute to overweight and obesity. There is growing 
literature on the contribution of the neighborhood environment to obesity, though results 
have varied depending on the neighborhood scale considered and the population under 
study (34, 35). In a study using neighborhood data from the Multi-Ethnic Study of 
Atherosclerosis (MESA), residents living in neighborhoods with better physical 
environments, defined by walkability and healthy food availability, had a lower BMI, 
though analyses of the social environment produced a less consistent relationship (36). A 
systematic review of neighborhoods and obesity conducted by Black et al, revealed 
consistent associations among studies between neighborhood-level measures of economic 
resources and obesity, but mixed results between neighborhood income inequality and 
racial composition and obesity (35).    
 There is also evidence linking structural features of the residential context, such 
as healthy food availability and resources for physical activity, and its influence on the 
actual health behaviors that are thought to mediate the relationship between 
neighborhood and obesity. Much of the evidence points to a positive association between 
resources for healthy food and physical activity and better quality diets and increased 
likelihood of engaging in exercise (37, 38).  
Neighborhoods and Immigrants 
 Despite the number of studies investigating the links between residential context 
and obesity and related health behaviors, very few have explored this relationship among 
immigrants. A review by Papas, et al. highlighted the dearth of studies on the built 
environment and obesity on populations other than non-Hispanic Whites and African-
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Americans, and a lack of longitudinal studies in general (34). Immigrants may be a 
distinct group from the native-born in that they may bring with them a different set of 
cultural norms and perceptions. It remains unclear though how neighborhood-level 
features may be relevant to health patterning for immigrants, as well as for native-born 
Hispanics and Asians. Explanations for the observed health deterioration among 
immigrants have pointed to structural features that may force a change in diet and other 
lifestyle factors that would have otherwise been protective against negative health 
outcomes. Very few studies however have investigated whether ‘better’ neighborhood 
environments as characterized by positive physical and social features have the same 
impact on immigrants as may be the case in studies of native-born individuals. The 
presence of facilities for recreation, for example, may not translate into increased 
physical activity and subsequent weight maintenance or loss if use of such facilities is not 
culturally appropriate. On the other hand, structural forces may be strong enough such 
that maintenance of traditional diets is all but impossible in settings where food 
availability is limited to fast-food restaurants or convenience stores.  
 Among studies that have explored neighborhood links among immigrants, most 
have investigated the association between neighborhood racial composition and health 
behaviors. In some studies, higher percentage of foreign-born population within a census 
tract was associated with healthier individual-level diets (39, 40). However, an inverse 
association was also found with physical activity (40). One study that used nationally 
representative data from NHANES noted an increase in BMI with an increase in Hispanic 
composition of the neighborhood among Mexican-Americans, although a strong positive 
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association between neighborhood disadvantage and BMI was also observed (41). While 
a causal relationship between increasing time in the U.S. and obesity has been difficult to 
establish, if there is indeed a causal component linking features of the U.S. context to 
adverse weight outcomes, it will be important to disentangle this relationship through, 
among other strategies, investigations into the context in which immigrants ultimately 
reside. Given that structural features of the context in which immigrants settle have 
implications for both acculturation and for obesity outcomes, it will be important to take 
these into account in investigations of the immigrant experience in the U.S. Further 
disaggregation of neighborhood indicators will also be important to promote a better 
understand of how neighborhoods play a role in the relationship between acculturation 
and obesity among immigrant groups. 
Conceptual Model  
 This dissertation is built on the overall framework that the association between 
measures of acculturation and weight is not monolithic across groups, and can vary 
depending on ethnicity (Aim 1), the neighborhood environment (Aim 2), and calendar 
time (Aim 3). The following conceptual model was used to guide analyses for this 
dissertation: 
 
 
 
 
 
 
 
 
 
 
 18 
 
Figure 1.1: Conceptual model 
Note: Unidirectional arrows indicate a hypothesized causal relationship. Double-headed 
arrows indicate variables that are associated with each other, but not necessarily 
causally.  
 
 
 
 
Longitudinal data were used for the first two aims. In the first aim, the relationship 
between nativity/length of residence and waist circumference (WC) among Hispanics and 
Chinese was examined from a prospective standpoint using data from the Multi-Ethnic 
Study of Atherosclerosis (MESA).  Variation by ethnicity, or Mexican-origin status, was 
also investigated among Hispanics. In the second aim, analyses were restricted to 
Hispanics and Chinese on whom neighborhood data were available. In the third aim, 
secular variation in the relationship between nativity/length of residence and body mass 
index (BMI) and waist circumference (WC) was examined using repeated cross-sectional 
data from the National Health and Nutrition Examination Survey (NHANES) spanning a 
period of 20 years. Analyses were restricted to Mexican-American adults to permit 
quantification of this relationship among the largest immigrant group in the U.S.  
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Chapter 2 
Immigrant assimilation and waist size over time: a longitudinal examination among 
Hispanic and Chinese participants in the Multi-Ethnic Study of Atherosclerosis 
(MESA) 
 
Introduction 
Over the past 20 years, the U.S. has experienced tremendous growth of its 
foreign-born population, especially immigrants from Latin America and Asia. By 2025, 
immigrants are projected to account for 15% of the U.S. population (42). The increasing 
presence of this unique and heterogeneous group will have implications for overall 
population health and healthcare costs. A better understanding of immigrant health 
patterns is important for the design of public health interventions.   
 A common finding in studies of immigrants is a lower prevalence of obesity in the 
foreign-born than in the U.S.-born despite comparatively low socioeconomic position 
(18-20, 43, 44). However, a longer length of U.S. residence has been associated with 
higher weight in immigrants, in some groups converging with levels observed in the 
U.S.-born (16, 17, 21, 45, 46). Acculturation to behavioral norms prevalent in U.S. 
society, such as poor diet and sedentary lifestyle, is thought to explain this relationship 
(11).  
 However existing research is primarily cross-sectional which does not allow 
examination of longitudinal change over time, and may conflate cohort or age effects 
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with the effects of time in the U.S. Conclusions drawn about the impact of length of U.S. 
residence derived from cross-sectional studies assume that the health characteristics of 
newly-arrived immigrant cohorts have remained stable over time. Variability in 
immigrant selection processes and greater exposure to Western lifestyle behaviors over 
time within many sending countries may invalidate this assumption (32, 33). Another 
challenge is separating the effects of longer U.S residence from those of age-related and 
secular increases in adiposity, which have been occurring in the U.S. across all segments 
of society (47-49). As a result, the cross-sectional observation that immigrants living in 
the U.S. longer have higher weight, may merely be a function of secular trends in weight, 
rather than, as some studies suggest, an independent product of greater length of U.S. 
residence. Prospective data are critical to determine whether immigrants’ weights are 
increasing with longer U.S. residence at a rate faster than would be expected given 
overall age effects and secular trends observed in the U.S. population (50). 
 Although several studies have examined heterogeneity in these relationships by 
race, few have explored differences by ethnic subgroup (18, 27). Variation by ethnicity 
may be a function of exposures occurring within the countries of origin before 
immigration, and of features of the receiving environments into which immigrants 
migrate. Among Hispanics, for example, Mexican-Americans have been 
disproportionately impacted by obesity relative to other Hispanic subgroups (32, 51, 52). 
Whether the weight of Mexican-origin Hispanics is differentially influenced by greater 
exposure to the U.S. context relative to other Hispanics is unknown.  
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 We used longitudinal data from the Multi-ethnic Study of Atherosclerosis 
(MESA) to examine whether Hispanic and Chinese foreign-born participants experienced 
greater increases in waist circumference (WC) over a median follow-up of 5 years 
relative to their U.S.-born counterparts. We also explored heterogeneity in this 
association by Hispanic subgroup. 
Methods 
Study population and variables 
MESA is a prospective cohort study designed to investigate risk factors for 
subclinical cardiovascular diseases (CVD). Details on the design of MESA are provided 
elsewhere (53). In brief, participants aged 45-84 years, free of clinical CVD at baseline 
were recruited from six study sites (Baltimore, Maryland; Chicago, Illinois; Forsyth 
County, North Carolina; Los Angeles County, California; northern Manhattan, New 
York; and St. Paul, Minnesota). The MESA cohort includes 6814 individuals who self-
identified as white, African-American, Hispanic or Chinese-American. The baseline 
examination took place between 2000 and 2002. Participants attended three follow-up 
examinations approximately 18-24 months apart. These analyses were restricted to 
Hispanic and Chinese participants because of the limited number of foreign-born 
individuals for other race/ethnic groups.  
 Waist circumference (WC) (cm) was measured at baseline and at each follow-up 
visit using standardized procedures. We chose WC as our anthropometric measure of 
interest because it is a strong marker of metabolically active visceral adiposity and is 
closely associated with an increased risk for CVD (54, 55). For descriptive purposes, WC 
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was also dichotomized based on the World Health Organization’s criteria for  ‘high risk’ 
for metabolic syndrome (56). Information on nativity (U.S. vs. foreign birth), number of 
years lived in the U.S. among the foreign-born (<15 years, 15-30 years, >30 years, 
missing), age (continuous, centered at the mean baseline age of 63), sex, race/ethnicity 
(Hispanic, Chinese), education (less than high school, high school diploma, some 
college/technical school, college graduate), and income (in 13 categories ranging from 
<$5,000 to $100,000+) was obtained during the baseline interview. Among Hispanics, 
ethnicity was further disaggregated into self-reported Mexican-origin status (yes/no). 
Those of Mexican origin represent the largest segment of the Hispanic population and are 
the largest U.S. immigrant group overall (57, 58). The limited sample size of U.S.-born 
non-Mexican Hispanics did not permit disaggregation of this subgroup. Baseline income 
was available for 97.6% of Hispanics and 99.3% of Chinese. When missing, income data 
from follow-up exams were used (1.7% of Hispanics; 0.62% Chinese). Participants 
selected their total family income from all sources within the past 12 months from 13 
categories; a continuous measure of household-equivalized income was created by taking 
the midpoint for each category and dividing it by the number of people in the household. 
The variable was then categorized and expressed as quartiles of the sample distribution. 
Time since baseline, in years, was used to examine change in WC over time.   
 We also tested whether lifestyle behaviors mediated associations between WC 
with nativity and length of U.S. residence. Current cigarette smoking status 
(yes/no/former) and current alcohol consumption (yes/no) were ascertained at all visits. 
Physical activity, available at the first 3 exams, was measured as metabolic equivalent 
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task-minutes per week for walking and moderate- and vigorous-intensity sports and 
conditioning activities, estimated from a physical activity questionnaire adapted from the 
Cross-Cultural Activity Participation Study (59). Diet was measured at baseline using an 
adapted 120-item food frequency questionnaire, validated for multi-ethnic populations 
(60). We operationalized diet in two ways: total caloric intake (kilocalories) and a dietary 
pattern score that characterizes intake of fats and processed foods. The latter was 
identified through a factor analysis of diet patterns among 47 food groups (61). Higher 
scores indicate higher intake of fats and processed foods (fats, oils, processed meats, fried 
potatoes, salty snacks, and desserts).  
Of the 2299 Hispanic and Chinese MESA baseline participants, 11 did not have 
complete information on key covariates of interest, yielding a sample of 1486 Hispanic 
(794 Mexican, 692 non-Mexican) and 802 Chinese participants. Mediation analyses using 
diet were further restricted to 1350 Hispanics and 790 Chinese because of missing diet 
data. Of the 2288 baseline sample, 77% had information for all four visits, 13% had 
information for two or three visits, and 7% had information only for the baseline visit. 
Longitudinal analyses included all 2288 baseline participants regardless of missing 
information at follow-up. All MESA participants provided written informed consent. 
Statistical Analysis 
All results were stratified by race/ethnicity (Hispanics and Chinese). We used 
graphical methods to explore the relationships between WC, age, and time since baseline, 
and confirmed linearity of these relationships (62). We estimated cross-sectional and 
longitudinal associations between nativity and WC using a repeated measures analysis 
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with the unstructured covariance specification to account for within-person correlations 
(63) (PROC MIXED SAS 9.2; SAS Institute Inc., Cary, NC). Models were adjusted for 
baseline age, sex, study site, education, income, and time since baseline. An interaction 
between time and baseline age was retained because changes in WC over time differed 
significantly by baseline age with greater increases over time among participants younger 
at baseline. We also included time interactions with education and income to adjust for 
differential trends over time by socioeconomic factors. To evaluate if changes in WC 
over time varied by nativity, we tested a cross-product term between nativity and time 
(Table 2.2). We also examined the potentially mediating effect of physical activity, 
smoking, alcohol, and dietary factors on the relationship between nativity and WC by 
including these measures in models as time-varying covariates when available. Since 
dietary information was only ascertained at baseline, we modeled its interaction with time 
in lieu of a time-varying covariate. To examine heterogeneity in nativity associations 
with WC by Hispanic subgroup, we included a covariate for Mexican-origin status in 
Hispanic models. We modeled it as a two-way interaction with nativity and with time, 
and as a three-way interaction between Mexican-origin (non-Mexican=referent), nativity 
(U.S.-born=referent), and time (Table 2.3).  For all models, we computed estimates of 
adjusted mean annual change in WC by nativity (Tables 2.2 and 2.3) and by Mexican-
origin (Table 2.3) using model coefficients.  
To further examine whether WC changes over time differed by time lived in the 
U.S. at baseline, we also fit models that replaced the nativity indicator with a 5-level 
variable that combined birthplace and baseline length of U.S. residence among the 
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foreign-born (FB) (FB: < 15 years; FB: 15-30 years; FB: > 30 years; FB: missing years in 
U.S.; and U.S.-born (referent)). We tested an interaction between this 5-level variable and 
time in models stratified by ethnicity.   
Since approximately 23% of our sample did not have complete information on all 
four study visits, we re-ran all models on only individuals with complete data for all four 
visits. Change-over-time estimates from our complete-case analysis were robust 
regardless of follow-up length, suggesting that WC trajectories among individuals lost to 
follow-up did not differ from those who remained in the study.  
Results 
Descriptive analyses 
 Foreign-born (FB) Hispanic and Chinese participants had lower baseline WC 
measurements than their U.S.-born (USB) counterparts (mean WC for FB and USB 
Hispanics: 99 vs. 103 cm, P <0.0001; and Chinese: 87 vs. 92 cm, P=0.09), and had a 
lower proportion of individuals with WC measurements classified as ‘high risk’ at 
baseline (Table 2.1). The foreign-born also had greater 5-year mean increase in WC 
though differences were not statistically significant (comparing FB to USB: Hispanics: 
1.75 vs. 1.08 cm, P=0.09; Chinese: 1.21 vs. 0.26 cm, P=0.40). Foreign-born participants 
were disproportionately represented in the lowest education and income categories, and 
had lower levels of physical activity, but more favorable profiles for diet, smoking, and 
alcohol consumption compared to the U.S.-born. Nativity differences among Hispanics 
were generally similar regardless of ethnicity with a few exceptions. First, the nativity 
difference in baseline WC was slightly smaller among Mexican Hispanics. Second, the 
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proportion of women with high-risk WC was higher among foreign-born Mexicans 
compared with the U.S.-born, whereas this pattern was reversed among non-Mexican 
Hispanics. Finally, SES disparities by nativity were considerably wider than those among 
non-Mexican Hispanics.     
Multivariable analyses  
 Table 2.2 shows adjusted mean differences in baseline WC and in annual change 
by nativity for Hispanics and Chinese. After accounting for age, sex, site, education, 
income, and time (Model 1), the foreign-born had a significantly lower mean baseline 
WC than the U.S.-born (Hispanics: mean difference=-3.66, P<0.001; Chinese:-5.13, 
P<0.01). All groups except U.S.-born Chinese experienced significant increases in WC 
over time, but there were no significant differences by nativity in either ethnic group. 
Inclusion of time-varying measures of physical activity, smoking, and alcohol (Model 2) 
slightly increased nativity differences in baseline WC, but addition of baseline dietary 
measures (Model 3) partially reduced this difference for both Hispanics and Chinese.  
  Tests for interaction revealed significant heterogeneity by Mexican-origin among 
Hispanics (Likelihood ratio test: P=0.0082) (Table 2.3). Mexican Hispanics had 
significantly smaller nativity differences in baseline WC (mean difference =-2.19, 
P<0.05) compared with non-Mexican Hispanics (mean difference=-7.88, P<0.0001) 
(Model 1). Although all 4 Mexican-origin and nativity combination groups experienced 
WC increases over time, the Mexican foreign-born experienced greater increases over 
time compared to both the Mexican U.S.-born (difference in mean annual change=0.28, 
P<0.05), and the non-Mexican foreign-born (difference in mean annual change=0.24, 
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P<0.01) (Model 1). In contrast, we found no significant difference by nativity in mean 
change over time among non-Mexican Hispanics. There were also no differences in mean 
change over time between Mexican and non-Mexican U.S.-born persons. Inclusion of 
health behaviors did not meaningfully alter estimates (Model 2).      
Ethnicity-stratified models were re-examined using a multi-category indicator to capture 
both place of birth and time in the U.S. for the foreign-born. Figure 2.1 (A-C) present 
trends over time in adjusted mean WC by baseline length of U.S. residence. Among 
Mexican Hispanics, only the most recent immigrants (<15 years since arrival) have a 
significantly lower baseline mean WC than the U.S.-born (Fig. 2.1A) (mean difference=-
3.77, P=0.0470). Over time, however, rates of increase for this group were significantly 
greater than for the U.S.-born (mean difference in annual change=0.48, P<0.0236) so that 
after 5 years, their WC estimates no longer statistically differed from the U.S.-born. 
Although the other Mexican immigrant groups did not differ from the U.S.-born with 
respect to baseline WC, they also had a significantly greater rate of increase; in some 
cases surpassing Mexican U.S.-born estimates by the end of available follow-up.   
 Among non-Mexican Hispanics, the baseline WC of the foreign-born was 
significantly lower relative to the U.S.-born, regardless of length of U.S. residence, but 
there were no differences in WC change over time (Fig. 2.1B). We also observed a 
similar pattern for the Chinese (Fig. 2.1C). However when we restricted analysis to only 
the Chinese foreign-born, WC gains over time among more recent immigrants (<15 years 
and 15-30 years) were significantly greater than for immigrants in the U.S. longer than 30 
years.  
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We also considered heterogeneity in these relationships by sex but only observed 
a significant interaction among Mexican Hispanics. Baseline nativity differences in WC 
were smaller and not significant among females compared to males; although both male 
and female foreign-born Mexicans experienced greater increases in WC relative to the 
U.S.-born, the magnitude was significantly larger for females (data not shown).  
Discussion  
 We sought to examine differences in WC and WC change by nativity and 
ethnicity in a prospective multi-ethnic cohort. Foreign birth was associated with a lower 
adjusted mean baseline WC among both Hispanic and Chinese participants. Although 
there were no significant time trend differences by nativity for either ethnic group, there 
was significant heterogeneity within the Hispanics sample. Among Mexican Hispanics, 
baseline nativity differences in WC were narrower than they were for non-Mexican 
Hispanics, particularly among females. Foreign-born Mexicans also experienced greater 
annual mean increases in WC than both U.S.-born Mexican and foreign-born non-
Mexican Hispanics.  
 Consistent with our baseline results, prior cross-sectional work has documented 
lower weight in the foreign-born than the U.S.-born across race/ethnic groups (18, 21, 22, 
43, 64). These findings extend to Hispanics (18, 19, 21, 22, 44, 50, 65) and Mexican-
Americans (23, 66-69). Among Asian-Americans, foreign-birth is also predominantly 
associated with lower weight (18, 20, 22, 43, 65, 69), though null findings have also been 
reported (19, 26). Previous studies, primarily among Hispanics and Mexican-Americans, 
have also noted smaller weight differences by nativity among females than males, and 
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faster convergence among female migrants to U.S.-born weight levels, supportive of our 
findings among Mexican women (7, 18, 21, 45, 46, 66). 
 Results from cross-sectional studies examining associations between length of 
U.S. residence and weight measures however are varied. Among Hispanics, many 
nationally-representative studies show evidence of higher BMI, WC, or obesity with 
longer U.S. residence (16, 21, 43-45). Region-specific studies (18, 19, 70), as well as 
studies specific to Mexican and Puerto Rican subgroups (17, 66) support these findings. 
In contrast, results among Asians are mixed (18, 20). To our knowledge, no longitudinal 
studies have directly examined the relation between time in the U.S. and changes in 
weight over time. 
A major limitation in drawing inferences regarding the causal effect of time in the 
U.S. on weight from cross-sectional analyses is the inability to differentiate the true 
effects of time in the U.S. from cohort and aging effects. Controlling for baseline age and 
the interaction of age with time in a longitudinal design, we were able to directly examine 
whether the foreign-born experienced gains in WC with longer time in the U.S. relative to 
the U.S.-born, net of age and birth cohort effects. Contrary to the cross-sectional 
literature that did not account for these effects, we did not find evidence of greater WC 
increases over time among foreign-born Hispanics and Chinese. Nevertheless, our results 
were consistent with one cross-sectional study of Hispanics that used a series of repeated 
cross-sections to trace foreign and U.S.-born age cohorts simultaneously over a period of 
10 years. Accounting for the effects of age, calendar time, and their interaction, 
investigators found no evidence of foreign-born weight convergence to U.S.-born levels, 
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consistent with our Hispanic findings (50). Failure to distinguish by subgroup however 
masks heterogeneity among Hispanics; our analyses revealed WC convergence over time 
among Mexican immigrants to U.S.-born levels, with a greater magnitude of increase 
among females.  
Reasons underlying the increase in WC among foreign-born Mexicans remain 
unclear. Adoption of negative health behaviors has been hypothesized to account for the 
increased weight associated with longer length of U.S. residence, however inclusion of 
behavioral covariates in models did not fully account for our findings (11). Measurement 
error may have resulted in underestimates of their importance as mediators; missing 
dietary data and the availability of baseline-only measurements likely limited our ability 
to capture a key explanation for the patterns found among foreign-born Mexican 
Hispanics. Similarly, we used leisure-time activity to measure energy expenditure, which 
does not capture activity associated with occupation, or with activity not considered 
‘leisure-time’ by respondents. 
Much of the literature associates greater length of U.S. residence with decline in 
health among immigrants. However, it is also recognized that time in the U.S. is a proxy 
for a complex set of interactions that include, but are not limited to, exposure to 
differential cultural and socio-political features of the host country environment, variation 
in opportunity for socioeconomic advancement, and the influence of characteristics 
associated with a migrant’s country of origin (10, 11). The ethnic heterogeneity we 
observed in WC increase with greater longitudinal time in the U.S. may provide evidence 
that the acculturation process may not be homogeneous for all Hispanics, let alone other 
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immigrants. Migration to and residence in environments marked by poverty, crime, and 
deficiency in physical and social resources, may reinforce poorer health behaviors, 
facilitating a more rapid decline in health (34, 71). Although it is unclear if foreign-born 
Mexicans are more likely to be negatively exposed to such contexts and stressors than 
other ethnic groups, future exploration of the impact of contextual features could provide 
additional insight into the factors underlying the diverse health trajectories experienced 
by different immigrant groups.  
There are also potential methodological explanations for the greater WC increases 
among foreign-born Mexican Hispanics. Despite the robustness of our complete-case 
analysis, if greater loss to follow-up among the foreign-born was correlated with a lower 
propensity to gain weight, this would bias findings in the direction we observed. We also 
elected against adjustment for baseline WC in multivariable models. The extent to which 
baseline WC should be controlled for in models estimating change over time is debatable, 
especially when the variables of interest are associated with the baseline measurements 
(72). However, since the most notable change-estimate differences were between groups 
with small differences in baseline measurements, we found no compelling reason to 
include it as a covariate.          
We observed an accelerated WC increase among more recent foreign-born 
Mexican Hispanics and Chinese immigrants. Previous studies find that associations 
between length of U.S. residence and health are largest within the first 10-15 years of 
arriving to the U.S., attributing these findings to the stress of migration and sudden 
cultural change that diminishes after a period of adaptation (21, 73). However, it is also 
 32 
 
among the most recent immigrants that the influence of one’s country of origin may be 
particularly salient. For example, among immigrants from countries where the obesity 
epidemic rivals that of the U.S., such as Mexico, or countries rapidly transitioning to a 
lifestyle of energy-dense diets and sedentary activity, such as China, behaviors 
established in the sending country may remain important influences after migration (31). 
Moreover, there may be patterns of return migration to reinforce such norms and 
behaviors, especially among Mexican immigrants. As more sending countries become 
characterized by high obesity prevalence, future immigrant cohorts may no longer exhibit 
protection against the higher weight associated with U.S. birth, especially when coupled 
with poverty and discrimination stressors. 
  Our study had some limitations. Grouping non-Mexican Hispanics may have 
masked important patterns, however small cell sizes limited power for additional 
subgroup analyses. The small number of U.S.-born Chinese may have also precluded our 
ability to detect nativity differences. Future studies with larger samples of U.S.-born 
Chinese and Hispanic subgroups are warranted to confirm our findings. We also had a 
relatively short timeframe for assessing longitudinal relationships. For many individuals, 
both change in WC and the causes of those changes may have already occurred prior to 
baseline. Finally, because MESA is an older, healthy cohort sampled from selected sites, 
the generalizability of these findings to other immigrant groups in the U.S. may be 
limited. 
 To our knowledge, this among the first studies to examine the relationship 
between longer length of U.S. residence and adiposity longitudinally using a multi-ethnic 
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cohort. We found heterogeneity by ethnic group in rates of WC increase over time with 
Mexican immigrants exhibiting greater increases in WC relative to both U.S.-born 
Mexican Hispanics and foreign-born non-Mexican Hispanics. Since high WC levels have 
consequences for progression to CVD and other metabolic abnormalities, it remains an 
important target for intervention. Further insight into what may underlie these patterns 
would facilitate development of interventions to prevent the health deterioration that 
appears with longer time in the U.S. in some groups.  
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Table 2.1. Sample Characteristics by Nativity and Ethnicity 
 
 All Hispanics Mexican Hispanics Non-Mexican Hispanics Chinese 
 Birth Country Birth Country Birth Country Birth Country 
 U.S. Other U.S. Other U.S. Other U.S. Other 
 (n=465) (n=1021) (n=403) (n=391) (n=62) (n=630) (n=30) (n=772) 
Mean waist 
circumference (cm) 
(SD) [n]         
Baseline 
103.2 (14.5) 
[465] 
99.4 (12.2)* 
[1021] 
102.8 (14.4) 
[403] 
100.9 (11.5)* 
[391] 
105.6 (15.1) 
[62] 
98.5 (12.6) 
[630] 
91.8 (15.4) 
[30] 
86.9 (9.6) 
[772] 
First follow-up 
103.1 (15.2) 
[434] 
99.7 (12.4)* 
[914] 
102.7 (15.1) 
[376] 
101.3 (11.6) 
[337] 
105.4 (15.7) 
[58] 
98.7 (12.8) 
[577] 
91.5 (15.6) 
[30] 
86.7 (9.5) 
[697] 
Second follow-up 
104.1 (14.9) 
[415] 
100.2 (12.5)* 
[839] 
103.6 (14.8) 
[359] 
102.9 (11.8) 
[298] 
107.7 (15.1) 
[56] 
98.7 (12.6) 
[541] 
91.2 (16.0) 
[29] 
87.1 (9.6) 
[667] 
Third follow-up 
104.4 (15.1) 
[408] 
101.1 (12.9)* 
[812] 
104.0 (14.9) 
[353] 
103.8 (12.2) 
[288] 
107.5 (16.1) 
[55] 
99.7 (13.1) 
[524] 
91.5 (13.9) 
[28] 
88.1 (9.6) 
[630] 
Mean 5-year change 
in waist 
circumference (SD) 1.08 (6.7) 1.75 (6.4)  1.23 (6.5) 2.23 (6.4)* 0.1 (7.5) 1.48 (6.5) 0.26 (0.57) 1.21 (5.2) 
High-risk waist 
circumference, 
baseline (%)         
Men: ≥ 102 cm** 48.4 37* 48.8 37.4* 45.2 36.7 17.6 7 
Women: ≥ 88 cm ** 82.2 80.3 80.8 88.7* 90.3 75.3* 53.8 40.8 
Study site (%)         
Forsyth County, NC 0.4 0.1* 0 0 3.2 0.16* 0 0 
New York, NY 8.4 44.8 0.5 0.51* 59.7 72.2 0 0.26* 
Minneapolis, MN 52.7 20.7 58.6 36.1 14.5 11.1 0 0 
Chicago, IL 0 0 0 0 0 0 66.7 36.7 
Los Angeles, CA 38.5 34.5 40.9 63.4 22.6 16.5 33.3 63.1 
Mean age, baseline 
(SD) 61.6 (10.5) 61.1 (10.2) 62.0 (10.3) 60.8 (10.2) 58.8 (11.3) 61.2 (10.3) 61.1 (10.0) 62.4 (10.3) 
Female (%) 47.1 53.7* 46.6 52.2 50 54.6 43.3 51.8 
Mexican origin (%) 86.7 38.3*       
Years lived in U.S., 
baseline (among         
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foreign-born) (%) 
< 15 years  15.6  21  12.2  36.3 
15-30 years  24.6  25.3  24.1  38.3 
> 30 years  48.4  41.9  52.4  18.6 
Missing  11.5  11.8  11.3  6.7 
Education (%)         
Less than high school 20 55.7* 21.3 73.7* 11.3 44.6 3.3 25.6* 
Completed high 
school/GED 28.2 16.8 28.3 10.5 27.4 20.8* 20 16.1 
Some college/technical 
school 39.3 18.6 38.2 13.5 46.8 21.7 13.3 20.3 
Bachelor’s/graduate 
degree 12.5 8.8 12.2 2.3 14.5 12.9 63.3 38 
Income quartiles, 
U.S.$ † (%)         
0 12 35.3* 12.2 47.8* 11.3 27.5* 3.3 29.8* 
1 13.3 23.5 13.1 25.3 14.5 22.4 3.3 23.5 
2 34 24.4 34.7 18.2 29 28.2 26.7 20.3 
3 40.6 16.8 40 8.7 45.2 21.9 66.7 26.4 
Diet of high fats, 
processed foods, 
mean score (SD)‡ 0.05 (0.94) -0.48 (0.80)* 0.0144 (0.93) -0.57 (0.72)* 0.31 (1.02) -0.42 (0.84)* -0.06 (0.79) -0.69 (0.46)* 
Mean caloric intake, 
kilocalories (SD)‡ 1812 (1014) 1779 (890) 1790 (1023) 2027 (883)* 1973 (947) 1608 (855)* 1710 (762) 1320 (572)* 
Total intentional 
exercise, baseline 
(MET-min/week) (%)         
0 23.4 34.5* 23.8 41.9* 21 29.9 10 25.9* 
< 2400 49 51.9 48.4 51.4 53.2 52.1 60 60.9 
≥ 2400 27.5 13.6 27.8 6.7 25.8 18 30 13.2 
Smoking status, 
baseline (%)         
Never 46.4 57.4* 47.2 57* 41.9 57.6* 43.3 76.5* 
Former 38.9 29.6 38.7 32.2 40.3 27.9 50 17.9 
Current 14.6 13 14.1 10.8 17.7 14.4 6.7 5.6 
Current alcohol 
drinker, baseline (%)         
  
 
36 
3636
            36
Yes 55.3 43.6* 54.8 39.6* 58.1 46.1 56.7 30.3* 
No 44.7 56.4 45.2 60.4 41.9 53.9 43.3 69.7 
Abbreviations: SD, standard deviation; MET, metabolic equivalent task 
*p < 0.05, comparing foreign-born to U.S.-born within ethnic groups 
**Based on the World Health Organization’s sex-specific cutoffs for waist circumference measurements at high risk for metabolic syndrome 
†Continuous measure of income adjusted for household size, expressed as quartiles 
‡Based on restricted sample of 1350 Hispanics (424 U.S.-born (USB), 926 foreign-born (FB)); 749 Mexican (372 USB, 377 FB); 601 non-Mexican Hispanics 
(52 USB, 549 FB); and 790 Chinese (28 USB, 762 FB)  
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Table 2.2. Adjusted Mean Difference at Baseline and Mean Annual Change in Waist Circumference 
(WC) (cm) by Nativity, Hispanics and Chinese 
 
 Model 1 Model 2 Model 3 
HISPANICS (n=1486) 
Mean difference in baseline 
WC 
   
U.S. born ref ref ref 
Foreign-born -3.66 (0.87)**** -3.76 (0.87)**** -3.42 (0.93)*** 
Mean annual change by 
nativity† 
   
U.S. born 0.28 (0.11)** 0.25 (0.11)* 0.28 (0.11)* 
Foreign-born 0.39 (0.07)**** 0.39 (0.08)**** 0.38 (0.08)**** 
Mean difference in annual 
change 
   
U.S. born ref ref ref 
Foreign-born 0.11 (0.08) 0.14 (0.08) 0.11 (0.09) 
 
CHINESE (n=802) 
Mean difference in baseline 
WC 
   
U.S. born ref ref ref 
Foreign-born -5.13 (1.83)** -5.23 (1.84)** -4.78 (1.95)* 
Mean annual change by 
nativity† 
   
U.S. born 0.24 (0.23) 0.24 (0.23) 0.16 (0.24) 
Foreign-born 0.37 (0.10)*** 0.36 (0.10)*** 0.33 (0.11)** 
Mean difference in annual 
change 
   
U.S. born ref ref ref 
Foreign-born 0.13 (0.21) 0.12 (0.21) 0.17 (0.22) 
****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05 
Model 1 further adjusted for age, sex, site, baseline education and income, time since baseline, and 
interactions for age*time, education*time, and income*time 
Model 2 adds controls for time-varying health behaviors: physical activity, current smoking status, current 
alcohol use 
Model 3 adds baseline dietary measures (diet of high fats, processed foods; total caloric intake); restricted 
to 1350 Hispanics and 790 Chinese on whom dietary data was available. Sensitivity analyses confirmed 
that results from previous models excluding missing dietary data did not appreciably affect results. 
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Table 2.3. Adjusted Mean Waist Circumference (WC) (cm) at Baseline and Mean Annual Change in WC by Nativity and 
Mexican Ethnicity   
 
 Model 1  Model 2† 
 
Adjusted mean baseline WC (SE)‡ 
Mean difference 
in baseline WC 
by nativity (SE) ξ 
 
Adjusted mean baseline WC 
(SE)‡
Mean difference 
in baseline WC 
by nativity (SE) ξ
 U.S.-born Foreign-born   U.S.-born Foreign-born  
MEXICAN HISPANICS (n=794) 103.40 (1.18) 101.21 (0.89) -2.19 (1.04)*  103.66 (1.21) 101.32 (0.95) -2.34 (1.10)* 
NON-MEXICAN HISPANICS (n=692) 107.34 (1.98) 99.47 (1.15) -7.88 (1.75)****  107.67 (2.10) 100.22 (1.17) -7.45 (1.89)**** 
        
Mean difference in baseline WC by 
Mexican ethnicity for each nativity group 
(SE)€ -3.94 (1.89)* 1.74 (1.14)  
 
-4.01 (1.99)* 1.10 (1.15)  
 
Adjusted mean annual change (SE)‡ 
Mean difference 
in annual 
change in WC by 
nativity (SE)ξ 
 
Adjusted mean annual change 
(SE)‡ 
Mean difference 
in annual 
change in WC by 
nativity (SE)ξ 
 
U.S.-born Foreign-born 
  
U.S.-born 
Foreign-
born 
 
MEXICAN HISPANICS 
0.23 (0.11)* 0.51 (0.09)**** 0.28 (0.11)* 
 
0.23 (0.12)* 
0.52 
(0.10)**** 0.28 (0.12)* 
NON-MEXICAN HISPANICS 
0.13 (0.19) 0.26 (0.09)*** 0.13 (0.18) 
 
0.08 (0.21) 
0.26 
(0.09)** 0.17 (0.20) 
        
Mean difference in annual change in WC 
by Mexican ethnicity for each nativity 
group (SE)€ 0.10 (0.18) 0.24 (0.09)**  
 
0.15 (0.20) 
0.26 
(0.10)**  
****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05 
Model 1 adjusted for age, sex, site, baseline education and income, Mexican-origin status, time since baseline, and interactions for age*time, education*time, 
income*time, Mexican-origin*time, Mexican-origin*nativity, and Mexican-origin*nativity*time 
Model 2 adds controls for time-varying health behaviors: physical activity, current smoking status, current alcohol use; and baseline dietary measures (diet of high fats, 
processed foods; total caloric intake) 
†Model 2 restricted to 749 Mexicans and 601 non-Mexican Hispanics on whom dietary data was available. Sensitivity analyses confirmed that results from previous 
model excluding missing dietary data did not appreciably affect results 
‡Adjusted mean estimates shown are calculated to correspond to the mean age of the entire sample (age=63) and to those with less than high school education and in the 
lowest income quartile. 
ξCompares foreign-born to U.S.-born referent for each Mexican-origin group 
€Compares Mexican to Non-Mexican referent for each nativity group 
Likelihood ratio test comparing nested models with and without interaction terms for Mexican ethnicity: p = 0.0082 
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Figure 2.1. Adjusted mean waist circumference trajectories over time by baseline 
length of U.S. residence among the foreign-born vs. U.S.-born 
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A) Mexican Hispanics, B) Non-Mexican Hispanics, C) Chinese. WC=waist circumference. All models 
further adjusted for age, sex, site, education, income, baseline length of U.S. residence, age*time, 
education*time, income*time, baseline length of U.S. residence*time, and health behaviors (physical 
activity, smoking, alcohol, and diet). Estimates shown were calculated to correspond to the mean age of the 
entire sample (age=63) and to those with less than high school education and in the lowest income quartile. 
Foreign-born with missing data on baseline length of U.S. residence included in all models but not plotted 
in figures. 
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Chapter 3 
The neighborhood environment as a modifier of the association between 
nativity/length of U.S. residence and waist circumference among Hispanic and 
Chinese participants in the Multi-ethnic Study of Atherosclerosis (MESA) 
 
Introduction 
Over the last two decades, the U.S. has experienced one of the largest waves of 
immigration in its history. According to estimates from 2007, 37.3 million U.S. residents 
were born outside the country, representing 12% of the population (8). Though the 
demographic composition of immigrants has varied over time, the majority of 
contemporary immigrants now originate from non-European countries (74). 
In light of the growth and changing demographics of immigration, several studies 
have explored health patterns among the foreign-born relative to U.S born, documenting 
a health advantage among the foreign-born that appears to erode with longer time in the 
U.S. (16, 20-22, 43) Past research suggests that the adoption of negative health behaviors 
is one mechanism through which increased acculturation, often proxied by nativity and/or 
length of U.S. residence, may be associated with increased weight, for example (7, 21). 
However, the vast majority of studies have been cross-sectional, and few have examined 
the role of contextual characteristics (such as neighborhoods) in the relationship between 
acculturation and anthropometric outcomes.  
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An immigrant’s risk of obesity may be shaped not only by influences related to 
their country of origin, but also by the residential context to which they migrate. 
Residential environments may have implications for individual-level dietary and physical 
activity choices which can contribute to overweight and obesity. There is growing 
literature on the contribution of the neighborhood environment to obesity in general, but 
results are varied depending on the neighborhood construct examined and the population 
under study (34, 35). In one study, residents living in neighborhoods with better physical 
environments, defined by perceived walkability and healthy food availability, had a lower 
mean body mass index (BMI) (36). In other work, structural features of the environment 
such as the presence of supermarkets or fast food establishments were associated with 
obesity prevalence (75, 76). Longitudinal studies are limited. However one study 
demonstrated no association between neighborhood walkability and BMI change, but an 
inverse association between neighborhood socioeconomic status (SES) and BMI change 
(77).    
Few studies have explored the relationship between neighborhood context and 
anthropometric outcomes among immigrants. Among those that have, the focus has 
generally been on foreign-born ethnic composition associations with health behaviors 
(40, 41, 78). Indeed a review by Papas, et al. highlighted the dearth of studies on the built 
environment and obesity in populations other than non-Hispanic Whites and African-
Americans, and a lack of longitudinal studies in general (34).  
Immigrants are a distinct social group from the native-born in that they express 
different cultural norms, perceptions, and motivations, and have different legal rights and 
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vulnerabilities (79). It remains unclear how neighborhood-level features may be relevant 
to health patterning for immigrants. Since the receiving context is an important 
determinant of successful adaptation of immigrants to the host country, it seems logical 
that health trajectories of immigrants would be related to environmental factors, but few 
studies have directly investigated this relationship.  
Despite the growing independent literatures linking weight to neighborhood 
factors and acculturation processes, this literature has not considered the contingency of 
the relationships among acculturation, the neighborhood environment, and 
anthropometric measures. Moreover, it may be especially important to use longitudinal 
data to do so. Acculturation associations with weight could differ by neighborhood 
context/quality, for example, if neighborhoods facilitate preservation of certain beneficial 
behaviors over time among immigrants, thus preserving the weight advantage of 
immigrants compared to the U.S.-born. If this were the case, we would predict larger 
weight differentials by nativity in the best neighborhoods, and smaller differentials in the 
worst neighborhoods. Indeed, some literature suggests that an exposure that may have a 
small effect on a robust/healthy population, but may have a large effect on more 
vulnerable populations, such as immigrants (80, 81). 
Using prospective data from Hispanic and Chinese participants in the Multi-
Ethnic Study of Atherosclerosis (MESA), we investigated whether neighborhood 
residential environments characterized by greater availability of healthy food and better 
walkability modified the cross-sectional association between nativity/length of U.S. 
residence and baseline waist circumference (WC). We also examined whether these 
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neighborhood characteristics modified the longitudinal association between 
nativity/length of U.S. residence and change in WC over time.  
Methods 
MESA is a prospective study designed to investigate risk factors for subclinical 
cardiovascular diseases. Details on the design of MESA are provided elsewhere (28). In 
brief, participants aged 45-84 years without clinical cardiovascular disease at baseline 
were recruited from six study sites using a variety of population-based approaches 
(Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles 
County, California; northern Manhattan, New York; and St. Paul, Minnesota). The 
MESA cohort includes 6814 individuals who self-identified as white, African American, 
Hispanic or Chinese-American. For this analysis, we included only Hispanic and Chinese 
participants because of the limited number of foreign-born individuals among the other 
race/ethnic groups. Hispanic participants were recruited from New York, Los Angeles, 
and St. Paul, and Chinese participants were recruited from Los Angeles and Chicago. We 
used data from the baseline examination (2000 and 2002), and three additional follow-up 
examinations approximately 18-24 months apart. All MESA participants provided written 
informed consent. 
 Waist circumference (WC) (cm) measurements were obtained at baseline and at 
each of the 3 follow-up visits using standardized procedures. For descriptive purposes, 
WC was also dichotomized based on the World Health Organization’s criteria for ‘high 
risk’ of metabolic syndrome (56). Although we initially considered body mass index 
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(BMI) for this analysis, we focus our discussion on WC due to the decreased validity of 
BMI as a marker for adiposity among older individuals (82).  
 Nativity (U.S. vs. foreign birth) and years lived in the U.S. among the foreign-
born were obtained during the baseline interview. We created a 5-level variable that 
combined nativity and length of U.S. residence as reported among the foreign-born (FB) 
at baseline: (FB < 15 years (referent); FB 15-30 years; FB > 30 years; FB missing years 
in U.S.; and U.S.-born). 
 Information on age (continuous, centered at the mean baseline age of 63), sex, 
race/ethnicity (Hispanic, Chinese), education (less than high school, high school diploma, 
some college/technical school, college graduate), and income (in 13 categories ranging 
from <$5,000 to $100,000+) was also obtained during the baseline interview. When 
missing, income data from follow-up exams was used to impute baseline income (1.7% 
of Hispanics; 0.62% Chinese). Participants selected their total family income within the 
past 12 months from 13 categories; a continuous measure of household-equivalized 
income was created by taking the midpoint for each category and dividing it by the 
number of household members. The variable was then categorized and expressed as 
quartiles of the sample distribution. Time since baseline, in years, was used to examine 
change in WC over time.   
 Participants were linked to their neighborhood of residence using their baseline 
home address. Information about the neighborhood built environment was obtained from 
questionnaires administered to MESA participants. In the survey, participants were asked 
about their agreement with items on a 5-point Likert scale (1=strongly agree; 5= strongly 
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disagree) in reference to items on neighborhood dimensions within a 1 mile (1.6 km) area 
surrounding their home. Scale items were derived from published work whenever 
possible (83, 84). Two scales were used in this analysis: availability of healthy food (2 
items) and walking environment (6 items) (Table 3.1). Residents were asked, for 
example, the extent to which they agreed with the following statements: (1) A large 
selection of fruits and vegetables is available in my neighborhood, and (2) a large 
selection of low-fat products is available in my neighborhood. Scales were created by 
calculating the mean of the items included in the scale for all MESA participants, 
excluding the index case, living within a one mile radius of each MESA participant. 
Scores were reverse-coded so that higher scale scores indicated better resources. A 
summary physical environment score, combining walking environment and availability 
of healthy foods (the mean of the two scores), was also created. 
We also adjusted for neighborhood socioeconomic status (SES) which has been 
previously shown to be correlated with neighborhood resources for diet and activity (85, 
86), and also with adiposity (77, 87). Information on neighborhood socioeconomic 
characteristics was obtained from the 2000 U.S. Census. Census-defined block groups 
were used as proxies for neighborhoods. The variables used in the construction of the 
score were selected based on previously conducted factor analyses of census block group 
data (88). Six variables representing the dimensions of wealth/income, education, and 
occupation were combined into a summary neighborhood SES score; higher scores 
represented higher neighborhood SES.    
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 Of the 1496 Hispanic and 803 Chinese MESA baseline participants, 180 
Hispanics and 85 Chinese did not agree to provide information about their neighborhood 
environment. We further excluded 5 respondents for incomplete information on key 
covariates, resulting in a sample size of 1312 Hispanics and 717 Chinese participants. Of 
these 2029 baseline respondents, 85% of Hispanics and 87% of Chinese completed all 
follow-up examinations. Longitudinal analyses included all 2029 baseline participants 
regardless of completeness of follow-up. 
Statistical analyses 
 All analyses were stratified by race/ethnicity (Hispanics and Chinese). We first 
classified the summary physical environment score into ethnicity-specific tertiles in order 
to compare means and frequencies across the tertiles. Ethnicity-specific tertiles were used 
because there were considerable differences between the groups in the distribution of the 
physical environment score. We estimated cross-sectional and longitudinal associations 
between nativity-length of U.S. residence and WC  using linear mixed models with a 
random intercept and time slope for each individual (PROC MIXED SAS 9.2; SAS 
Institute Inc., Cary, NC). The first set of models included the nativity/length of U.S. 
residence variable, baseline age, sex, education, income, time since baseline, and time-
by-age and time-by-nativity/length of U.S. residence interaction terms. The coefficient on 
the nativity/length of U.S. residence variable estimated its cross-sectional association 
with baseline WC. The coefficient on the time-by-nativity/length of U.S. residence term 
indicates how changes in WC over time varied by nativity/length of U.S. residence. We 
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also retained a time by sex interaction in Hispanic models because females experienced 
significantly greater increases in WC over follow-up time than males.  
 Having characterized the overall association between nativity/length of U.S. 
residence baseline WC and WC change over time, we next examined whether indicators 
of the neighborhood environment modified these associations. This was done by adding a 
2-way interaction for nativity/length of U.S. residence-by-neighborhood scale term, and a 
3-way interaction for nativity/length of U.S. residence-by-neighborhood scale-by-time. 
Scales for healthy food availability and walkability were investigated separately, and as a 
summary physical environment score. Each model was also adjusted for a continuous 
measure of neighborhood SES and its interaction with time. Since there was no evidence 
of non-linearity in the relationship between neighborhood indicators and WC, we 
examined them as continuous variables.  
Estimates were standardized by ethnic group so that coefficients correspond to 
differences between the 90th and 10th percentiles of each indicator (translating to 
differences of 0.90 for Hispanics and 0.57 for Chinese for the healthy food availability 
scale; 0.61 for Hispanics and 0.53 for Chinese for the walkability scale; and 0.61 for 
Hispanics and 0.41 for Chinese for the physical environment scale). Inclusion of a 
random intercept for each census tract did not alter estimates so we report results from 
simpler models. Likelihood ratio tests were used to determine the joint significance of the 
set of interaction terms for a given neighborhood measure. In sensitivity analyses, we 
also examined whether results differed based on whether participants moved from their 
baseline address.  
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Results 
Overall, the Hispanic sample was of lower SES than the Chinese sample (Table 
3.2). A considerably larger proportion of Chinese compared to Hispanics were foreign-
born. Mean scores for all neighborhood scales characterizing the physical environment 
were similar for both groups however Hispanics resided in areas marked by lower SES. 
Hispanics participants had a higher mean WC at all exams and a greater increase in mean 
WC compared to Chinese participants. Over a median follow-up of 5 years, both 
Hispanics and Chinese experienced increases in WC over time though the magnitude was 
slightly larger for Hispanics.  
Compared to their U.S.-born counterparts, Hispanic foreign-born individuals were 
of lower SES, and were more likely to live in neighborhoods with lower area-level SES 
(Table 3.2). However foreign-born Hispanics also lived in neighborhoods with better 
resources for healthy food. They also had a lower mean WC at all exams, a lower 
baseline prevalence of high-risk WC, but slightly greater increases in WC over time than 
U.S.-born Hispanics.  
Compared to U.S.-born Chinese-Americans, Chinese foreign-born participants 
were also of lower SES, and lived in neighborhoods with lower area-level SES (Table 
3.2). They also resided in neighborhoods with lower mean scores on all physical 
environment indicators. Foreign-born participants nevertheless had a lower mean WC at 
all exams than the U.S.-born, but had a greater mean increase in WC over follow-up.  
Table 3.3 presents the distribution of sample characteristics by tertiles of the 
summary score characterizing the physical environment. Among Hispanics, individuals 
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with a higher individual-level SES were more likely to live in neighborhoods with better 
healthy food availability and walkability. Better neighborhoods also had a higher 
proportion of foreign-born individuals, and a higher proportion of more long-term 
immigrants. There was no clear relationship between neighborhood-level SES and the 
physical environment score. Mean baseline WC and mean WC change were highest in 
the lowest tertile. 
Among Chinese, although a slightly greater proportion of higher SES individuals 
lived in neighborhoods characterized by a higher physical environment score, the SES 
distribution across tertiles was much less disparate than it was for Hispanics. Better 
neighborhoods also had more long-term immigrants and were associated with a higher 
area-level SES. Similar to Hispanics, mean baseline WC and mean WC change were 
highest in the lowest tertile. 
Table 3.4 shows adjusted mean differences at baseline and mean difference in 
annual change in WC by nativity-length of U.S. residence for Hispanics and Chinese. 
Among Hispanics, after adjusting for individual-level demographic and socioeconomic 
characteristics, there was no significant difference in baseline WC with increasing length 
of U.S. residence; U.S.-born participants however had a mean baseline WC over 5 cm 
higher compared to immigrants in the U.S. < 15 years (β = 5.06 cm, p=0.0004). Although 
mean WC increased over follow-up for all Hispanics (data not shown), increases among 
the U.S.-born were marginally lower than for immigrants in the U.S. < 15 years.  
Similar to Hispanics, Chinese immigrants showed no substantial differences in 
mean baseline WC, regardless of how long they had lived in the U.S. However, the U.S.-
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born had nearly 4 cm higher baseline mean WC than the most recent immigrants (β = 
3.97 cm, p=0.04). All Chinese participants experienced increases in WC over follow-up 
(data not shown), but immigrants in the U.S. > 30 years had a significantly lower increase 
than immigrants in the U.S. < 15 years (β = -0.30 cm/year, p=0.009).  
Next, we examined whether neighborhood environments modified the cross-
sectional and longitudinal relationship between nativity/length of U.S. residence and 
baseline WC, and change in WC. We enrich the Hispanic and Chinese models from table 
4 by adding the neighborhood score variables, and interaction terms for neighborhood-
by-nativity/length of U.S. residence, neighborhood-by-time, and neighborhood-by-
nativity/length of U.S. residence-by-time. To ease interpretation, we represent all results 
graphically in figures 3.1 and 3.2.  
Among Hispanics, heterogeneity by neighborhood environment in the cross-
sectional relationship between nativity/length of U.S. residence and WC was suggestive 
but not statistically significant among Hispanics when examining differences by healthy 
food availability (p-interaction = 0.1) and by the summary score for physical environment 
(p-interaction = 0.09) (no heterogeneity was evident using the walkability scale). We 
aggregated all Hispanic immigrants into one group, since results (not shown) implied that 
patterns among immigrants were similar regardless of length of residence. The mean 
difference in baseline WC between the foreign-born and U.S.-born was larger in 
neighborhoods with higher (90th percentile score, solid lines) than with lower (10th 
percentile, dashed lines) healthy food availability (Figure 3.1). Analogously, greater 
healthy food availability was associated with lower WC in the foreign-born but not in the 
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U.S.-born. Trends over time in WC were similar regardless of neighborhood 
characteristics, i.e. none of the neighborhood indicators modified the relationship 
between nativity/length of U.S. residence and change in WC. There was no evidence of 
modification cross-sectionally or longitudinally when examining walkability of the 
neighborhood environment. 
Among the Chinese, we restricted tests for heterogeneity to the foreign-born due 
to the small sample size of the U.S.-born. We found significant heterogeneity, 
specifically when examining differences in the relationship between length of U.S. 
residence and change in WC over time using the walkability scale (p-interaction = 0.04) 
(Figure 3.2). There was no difference in WC change by baseline length of U.S. residence 
in neighborhoods with better walkability (90th percentile, solid lines). By contrast, in the 
least walkable neighborhoods, more recent immigrants had a more rapid rate of WC 
increase over time than more long-term immigrants (10th percentile, dashed lines). 
Consequently, by the end of available follow-up, the WC estimates of these more recent 
immigrants surpassed estimates among more long-term immigrants. There was no 
evidence of modification cross-sectionally or longitudinally when examining availability 
of healthy food.   
Restricting analyses to participants that did not move from their baseline address 
did not alter estimates from interaction models for either Hispanics or Chinese.   
Discussion 
Using prospective data from MESA, we investigated whether features of the 
neighborhood physical environment modified the association of nativity/length of U.S. 
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residence on baseline WC and on change in WC. Our results suggest that where 
immigrants live may have implications for the weight-related patterns that emerge for this 
group. Among Hispanics, there was a larger mean difference in baseline WC by nativity 
in environments with greater availability of healthy food. Among Chinese participants, 
the walkability of the environment modified the longitudinal relationship between length 
of U.S. residence and WC change, such that the impact of more years in the U.S. on 
greater WC change was weaker in more walkable neighborhoods. Moreover, different 
features of the neighborhood appeared to have distinct implications for WC for Hispanics 
and Chinese.   
Hispanics  
 Although not statistically significant, our results suggested the presence of 
heterogeneity in the cross-sectional association between nativity and WC. Greater healthy 
food availability was associated with a lower baseline WC among foreign-born 
participants, but not among the U.S.-born. The presence of a larger nativity gradient in 
‘better’ neighborhoods may appear counterintuitive because one would expect WC 
estimates among the U.S.-born to also be lower in better quality neighborhoods. Few 
studies have examined whether contextual factors have a differential association with 
health by nativity. One study that investigated variation by neighborhood linguistic 
isolation in the relationship between nativity and BMI found that U.S.-born Hispanics 
had a higher BMI in areas of low linguistic isolation. However there were no BMI 
differences among the foreign-born (19). Another study that linked residence in an 
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immigrant enclave to birthweight among Mexican-Americans also found contextual 
factors to be more associated among the U.S.-born, but not the foreign-born (89).  
 The reasons underlying our findings remain unclear, but we can speculate on the 
dynamics that may have given rise to this patterning. Assuming a casual relationship 
between the neighborhood and WC, this finding may point to greater susceptibility 
among foreign-born Hispanics to their physical environment. This may be inconsistent 
with the few findings available in the literature; however the contextual variables used in 
previous studies are likely to have a more complex relationship with health. The 
neighborhood indicators we examined may be more directly relevant for WC. 
Availability of healthy food may exert a greater influence on immigrants if they spend 
more time in their residential neighborhoods and/or if they rely to a great extent on the 
dietary resources there. However, residual confounding and selection effects may also be 
operating which could complicate interpretation of these findings. For example, selection 
processes that may be occurring to a greater extent among the foreign-born than the U.S.-
born could also contribute the pattern we observed. Additional research will be necessary 
to uncover the nature of these dynamics.   
Chinese 
 
 Compared to Hispanics, much less is known about the health patterning of 
Chinese immigrants. This study offers insight on this relatively unexplored group which 
has origins in one of the top immigrant sending countries to the U.S. (57). In highly 
walkable neighborhoods, there was little difference in WC change by length of U.S. 
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residence; however in areas of poor walkability, there was a greater rate of WC increase 
among newer immigrants compared to long-term immigrants.  
 The few studies that have examined weight-related patterning by nativity or 
length of residence among Chinese-Americans have been cross-sectional and results are 
mixed (19, 20, 26). Although we demonstrated little difference in baseline WC by length 
of the U.S. residence, rates of WC change differed across immigrant cohorts depending 
on where they lived. This finding underscores the importance of using longitudinal data 
to investigate immigrant health patterns that emerge with longer time in the U.S.  We 
found a non-significant but positive relationship between length of U.S. residence and 
WC at baseline, but at the end of follow-up, more recent immigrants had a higher WC 
than more long-term immigrants in neighborhoods with poor walkability. This suggests 
that drawing conclusions based on a cross-sectional approach can yield different patterns 
at different time points. Moreover, failing to account for the environmental factors that 
may be relevant for shaping immigrant health trajectories is apt to produce an incomplete 
picture. 
 The underlying reasons for why newer immigrants experienced greater WC 
increases than long-term immigrants in neighborhoods with poor walkability are likely to 
be complex. More recent immigrants may be more vulnerable to the influences of their 
new environment. Methodological factors may have also played a role. Although our 
findings were robust to analyses that were restricted to non-movers, we note that Chinese 
immigrants in MESA were a highly mobile group. Factors that drive selection and 
residence in certain types of neighborhoods, as well as movement away from these 
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neighborhoods will require further investigation to evaluate their underlying influence on 
immigrant health patterns.     
Limitations and Strengths 
 
 Some additional limitations should be noted in interpreting the results of this 
study. We only had a relatively short time frame for examining change in WC. Since 
central obesity tends to develop over a long period of time and may be influenced by 
exposures in early life and over the life course, this may preclude the ability to detect 
significant changes in waist size over time. However for this reason, it is noteworthy that 
we found any WC change in the Chinese sample. Some analyses may have also been 
constrained by sample size. Our sample of U.S.-born Chinese was small. Moreover, we 
recognize that sub-analyses by gender and Hispanic subgroups are important in research 
of immigrants, but power limited our ability to account for variation in these factors. The 
older age and health-selected nature of MESA sample may also limit generalizability of 
our findings to other groups. 
 Despite these limitations, our study addressed gaps in the literature by examining 
immigrant health patterns from a longitudinal perspective. Another advantage of this 
work is the use of clinically-measured WC, a strong marker of metabolically active 
visceral adiposity and a known risk factor for CVD (54, 55). Most studies of immigrants 
rely on self-reported information which may be subject to bias. The availability of more 
detailed measures of the built environment also permitted a more thorough investigation 
of the residential context in which immigrants reside. Studies that examine the 
environmental factors that are thought to shape immigrant health are sparse, and have 
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relied on more global measures of the neighborhood such as area SES or immigrant 
concentration.   
Implications and Future Directions 
 The erosion of health that accompanies greater acculturation to U.S. society has 
been hypothesized to operate through environmental factors that compel adoption of 
negative health behaviors among immigrants. Our results suggest that features of the 
neighborhood environment may have implications on WC measurements for Hispanic 
and Chinese immigrants in MESA. If immigrants, especially more recent arrivals, are 
indeed more susceptible to weight gain in response to adverse conditions of the physical 
environment, interventions aimed at arresting health deterioration may require a more 
targeted approach in communities where immigrants reside.   
 Our results also suggest that certain features of the neighborhood have different 
implications for WC depending on the ethnic group under study. Resources that support 
healthy eating were more relevant for Hispanics and walkability was more relevant for 
the Chinese. A recent review by Lovasi et al highlighted the presence of race/ethnic 
variation in the association between various indicators of the built environment and 
obesity prevalence (90). Neighborhood-level interventions aimed at promoting health 
behaviors that reduce obesity will need to be sensitive to the modifiable features of the 
environment that may be more relevant for certain communities.   
 We relied on survey-based measures of the environment to characterize the 
neighborhood physical environment. However, there may be additional aspects of the 
environment better captured by other structural measures. Several studies have shown the 
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presence of supermarkets and recreational facilities, for example, to be health-promoting 
(37, 75, 91). Future research will be necessary to examine whether these characteristics 
have any bearing on immigrant health patterning.  
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Table 3.1. MESA Questionnaire Items for Neighborhood Scales 
Scale Number 
of items 
Scale internal 
consistency 
reliability 
(Cronbach’s 
alpha) 
Items Rating scale 
for each item 
Healthy Food 
Availability 
Scale 
2 0.90 (1) A large selection of fresh 
fruit and vegetables is 
available in my neighborhood; 
(2) A large selection of low-
fat products is available in my 
neighborhood 
1=strongly 
disagree to 5= 
strongly agree 
Walking 
Environment 
Scale 
6 0.61 (1) It is pleasant to walk in my 
neighborhood; (2) The trees in 
my neighborhood provide 
enough shade; (3) In my 
neighborhood it is easy to 
walk to places; (4) I often see 
other people walking in my 
neighborhood; (5) I often see 
other people exercise in my 
neighborhood; (6) There are 
stores within walking distance 
of my home 
1=strongly 
disagree to 5= 
strongly agree 
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Table 3.2. Distribution of Sample Characteristics, Hispanics and Chinese, Multi-Ethnic Study of Atherosclerosis 
 
 HISPANICS  CHINESE 
 Sample U.S. born Foreign-born  Sample U.S. born Foreign-born 
N 1312 429 883  717 29 688 
Mean age, baseline (SD) 61.2 (10.3) 61.6 (10.4) 61.1 (10.2)   61.8 (10.2) 60.6 (9.8) 61.8 (10.2) 
% Female 51.9 46.9 54.4   50.8 41.4 51.2 
Education (%)        
Less than high school 43.1 19.6 54.6   22.3 3.5 23.1 
Completed high school/ GED 21.1 28.2 17.7   16.3 17.2 16.3 
Some college/technical school 25.6 39.4 18.9   20.8 13.8 21.1 
Bachelor's/graduate degree 10.1 12.8 8.8   40.6 65.5 39.5 
Income quartiles, US $ (%) †        
0 26.7 11.4 34.2   25.9 3.5 26.9 
1 27.1 19.1 30.9   29.9 13.8 30.5 
2 21.7 29.1 18   14.5 17.2 14.4 
3 24.5 40.3 16.9   29.7 65.5 28.2 
% Foreign-born 67.3 - -   96 - - 
Years lived in U.S., baseline (%)        
< 15 years 14 - 14   35 - 35 
15-30 years 24.7 - 24.7   38.8 - 38.8 
>30 years 49.8 - 49.8   19.6 - 19.6 
Missing 11.4 - 11.4   6.5 - 6.5 
Neighborhood information
Mean years lived in neighborhood 
(SD) 18.8 (14) 23.6 (16) 16.5 (12.4)   11 (9.7) 28.8 (19.4) 10.2 (8.3) 
% Moved from baseline address 24.6 24.9 24.5   34 3.2 34.7 
Mean Walkability score (SD) 3.81 (0.23) 3.79 (0.23) 3.81 (0.22)   3.76 (0.24) 3.94 (0.36) 3.75 (0.24) 
Mean healthy food availability score  
(SD)  3.61 (0.40) 3.46 (0.44) 3.68 (0.36)   3.66 (0.27) 3.74 (0.43) 3.66 (0.26) 
Mean physical environment score  
(SD)  3.71 (0.27) 3.63 (0.27) 3.75 (0.25)   3.71 (0.22) 3.84 (0.37) 3.71 (0.21) 
Mean neighborhood socioeconomic -2.94 (4.9) -1.22 (4.5) -3.78 (4.8)   0.93 (5.1) 1.60 (4.8) 0.90 (5.2) 
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score (SD)  
Mean waist circumference (cm) 
(SD) 
       
Baseline 100.7 (13.1) 103.2 (14.5) 99.5 (12.2)  87.2 (9.9) 90.8 (14.7) 87.0 (9.6) 
First follow-up  100.9 (13.5) 103.1 (15.2) 99.8 (12.5)  87 (9.7) 90.4 (14.7) 86.8 (9.4) 
Second follow-up  101.5 (13.5) 104.1 (14.9) 100.3 (12.6)  87.2 (9.9) 90.1 (15.1) 87.1 (9.6) 
Third follow-up 102.3 (13.8) 104.4 (15.2) 101.3 (13.0)  88.3 (9.7) 90.6 (13.3) 88.2 (9.6) 
Mean 5-year change WC (SD) 1.6 (6.5) 1.1 (6.6) 1.8 (6.4)   1.2 (5.2) 0.47 (5.8) 1.2 (5.2) 
High risk waist circumference, 
baseline (%)* 
       
Men: >=102 cm 41.2 47.8 37.5   7.7 17.7 7.1 
Women: >=88 cm 81.1 82.6 80.4   40.7 50 40.3 
*Based on the World Health Organization’s sex-specific cutoffs for waist circumference measurements at high risk for metabolic syndrome 
†Continuous measure of income adjusted for household size, expressed as quartiles 
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Table 3.3. Distribution of Sample Characteristics by Tertiles of Neighborhood Physical Environment Score, Hispanics and Chinese, Multi-
Ethnic Study of Atherosclerosis 
 
 HISPANICS  CHINESE 
 Neighborhood healthy food availability and 
walkability, summary score 
 Neighborhood healthy food availability 
and walkability, summary score 
 Worst  Intermediate Best  Worst  Intermediate Best 
N 434 427 451  235 238 244 
Mean age, baseline (SD) 60.2 (10.0) 62.9 (10.4) 60.6 (10.2)   61.4 (10.1) 62.1 (10.7) 61.9 (9.8) 
% Female 50.2 54.1 51.4   49.4 47.9 54.9 
Education (%)        
Less than high school 46.5 48.5 34.8   27.7 18.5 20.9 
Completed high school/ GED 21.7 19.2 22.4   18.3 14.7 16 
Some college/technical school 24 24.6 28.2   20.4 20.6 21.3 
Bachelor's/graduate degree 7.8 7.7 14.6   33.6 46.2 41.8 
Income quartiles, US $ (%) †        
0 32 28.1 20.4   27.7 23.5 26.6 
1 25.8 29 26.4   33.2 34 22.5 
2 20.5 22 22.4   13.2 16.8 13.5 
3 21.7 20.8 30.8   26 25.6 37.3 
% Foreign-born 56.2 63.9 81.2   97 96.6 94.3 
Years lived in U.S., baseline (%)        
< 15 years 20.1 14.3 9.8   36.4 40.4 28.3 
15-30 years 27.9 26.7 21   43.9 37 35.7 
>30 years 37.7 50.6 57.4   14.5 14.4 30 
Missing 14.3 8.4 11.8   5.3 8.3 6.1 
Neighborhood information 
Mean years lived in neighborhood (SD) 16.9 (15.3) 18.5 (13.8) 20.9 (12.7)   10.4 (9.3) 9.2 (6.8) 13.4 (11.9) 
% Moved from baseline address 27.9 25.8 20.4   39.1 33.6 29.5 
Mean Walkability score (SD) 3.67 (0.17) 3.73 (0.15) 4.01 (0.19)   3.56 (0.15) 3.73 (0.14) 3.99 (0.21) 
Mean healthy food availability score  (SD)  3.18 (0.33) 3.66 (0.16) 3.96 (0.20)   3.45 (0.27) 3.70 (0.14) 3.83 (0.23) 
Mean neighborhood socioeconomic score 
(SD)  -2.74 (3.9) -4.01 (4.6) -2.12 (5.7)   -0.70 (4.8) 1.57 (5.0) 1.88 (5.2) 
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Mean waist circumference (cm) (SD)        
Baseline 102.3 (13.4) 100.4 (12.5) 99.4 (13.4)  88.8 (9.2) 86.9 (10.3) 86.7 (10.2) 
First follow-up  103.1 (13.8) 100.0 (13.2) 99.6 (13.3)  87.6 (9.0) 86.7 (10.1) 86.5 (10.0) 
Second follow-up  104.3 (13.7) 100.6 (13.1) 99.8 (13.3)  88.3 (9.4) 87.1 (9.9) 86.3 (10.2) 
Third follow-up 104.6 (14.4) 101.4 (12.9) 101.1 (13.9)  89.6 (9.4) 88.3 (9.9) 87.0 (9.8) 
Mean 5-year change WC (SD) 1.97 (6.6) 0.96 (6.5) 1.71 (6.4)   1.7 (5.2) 1.5 (5.3) 0.49 (5.1) 
High risk waist circumference, baseline 
(%)* 
       
Men: >=102 cm 44.9 37.2 41.1   9.2 8.1 5.5 
Women: >=88 cm 85.8 82.7 75   42.2 39.5 40.3 
*Based on the World Health Organization’s sex-specific cutoffs for waist circumference measurements at high risk for metabolic syndrome 
†Continuous measure of income adjusted for household size, expressed as quartiles 
 
 
 
 
 
 
 
  
 
636363
						63
Table 3.4. Adjusted Mean Difference at Baseline and Mean Difference in Annual Change in Waist Circumference 
(cm) by Nativity/Length of U.S. Residence, Hispanics and Chinese 
 
 HISPANICS†  CHINESE‡ 
 Mean difference at 
baseline 
Mean difference in 
annual change  
Mean difference at 
baseline 
Mean difference in 
annual change 
      
Nativity-length of U.S. 
residence 
     
< 15 years U.S. Ref Ref  Ref Ref 
15-30 years 0.29 (1.47) -0.19 (0.15)  0.36 (0.87) -0.05 (0.09) 
>30 years U.S. 1.17 (1.38) -0.20 (0.14)  0.84 (1.10) -0.30 (0.11)*** 
Missing 1.47 (1.76) -0.28 (0.18)  0.50 (1.58) 0.12 (0.17) 
U.S.-born 5.06 (1.44)*** -0.27 (0.14)*  3.97 (1.93)** -0.26 (0.21) 
****P<0.0001; ***P<0.01, **p<0.05, *P<0.1 
†Model  further adjusted for age, sex, education, income, time since baseline, age*time, sex*time 
‡Model  further adjusted for age, sex, education, income, time since baseline, and age*time  
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Figure 3.1. Adjusted mean waist circumference trajectories over time by nativity, at 
the 90th vs. 10th percentile of healthy food availability – Hispanics 
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WC=waist circumference. All models further adjusted for age, sex, education, income, age*time, 
neighborhood socioeconomic status (SES) score and neighborhood SES score*time. Estimates shown were 
calculated to correspond to the mean age of the entire sample (age=63). P-interaction (nativity*healthy food 
availability) = 0.1. 
 
Figure 3.2. Adjusted mean waist circumference trajectories over time by baseline 
length of U.S. residence among the foreign-born – Chinese 
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WC=waist circumference. All models further adjusted for age, sex, education, income, age*time, 
neighborhood socioeconomic status (SES) score and neighborhood SES score*time. Estimates shown were 
calculated to correspond to the mean age of the entire sample (age=63). Foreign-born with missing data on 
baseline length of U.S. residence included in interaction model but not plotted in figure. P-interaction 
(length of residence*walkability*time) = 0.04. 
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Chapter 4 
Secular trends in adiposity and body mass index by nativity and length of U.S. 
residence among Mexican-Americans, 1988-2008 
 
Introduction 
The U.S. has experienced alarming growth in overweight and obesity over the 
past few decades impacting all segments of society irrespective of race, sex, and 
socioeconomic status (SES) (92, 93). Between the 1960s and 2004, obesity prevalence in 
the U.S. rose from 13% to 32%. By 2015, 75% of adults are projected to be overweight 
or obese, 41% of which will be obese (93). The epidemic has enormous implications for 
mortality, morbidity, healthcare costs and quality of life across all ages (94). 
 Although the obesity epidemic has affected all socio-demographic groups, 
race/ethnic disparities have been extensively documented. Hispanics, especially those of 
Mexican-origin who represent the largest Hispanic subgroup in the U.S., are 
characterized by obesity rates only slightly less than those of African-Americans and 
considerably higher than those of whites (95). According to reports based on data from 
the National Health and Nutrition Examination Survey (NHANES), between 1999-2000 
and 2007-2008, the prevalence of obesity among Mexican-Americans rose from 28.9% to 
35.9% for men, and from 39.7% to 45.1% for women (95). Although Hispanics in the 
U.S. are disproportionately affected by obesity relative to whites, there is evidence of 
important heterogeneity within this group. Foreign-born Hispanics are characterized by a 
 66 
 
lower body mass index (BMI) compared to the native-born population, despite low 
socioeconomic status (SES) (21, 44). Behavioral change and contextual factors associated 
with longer length of U.S. residence have been associated with the development of 
obesity among immigrants (16, 43). However since most studies examining nativity 
differences in weight have been conducted at a single point in time, it remains unclear 
whether this relationship has varied over time. Furthermore, although nationally 
representative data from NHANES has documented an increase in obesity among 
Mexican-Americans, variation in these trends by place of birth has not been investigated. 
Since immigrants account for approximately 38% of all Hispanics in the U.S. (58), 
examination of weight-related trends by nativity may uncover an important source of 
heterogeneity. The focus on Mexican-American adults permits quantification of these 
relationships specifically among the largest immigrant group in the U.S., and the largest 
ethnic subgroup among Hispanics (57, 58). 
A number of factors could lead to variation in the relationship between measures 
of acculturation (i.e. nativity and years lived in the U.S.) and weight by calendar time. In 
light of obesity trends occurring at a global level, more recent waves of immigrants may 
be arriving with higher BMI than previous waves of immigrants. Mexico in particular, 
the largest immigrant sending-country to the U.S., has been confronted by an obesity 
epidemic that rivals that of the U.S. (31). Changes over time to factors associated with the 
acculturation process, and with the political, economic, and social environment of 
receiving communities may also alter the impact of longer length of U.S. residence on 
weight gain among immigrants. Identifying how acculturation is related to BMI among 
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Mexican-Americans and how these relationships may have changed over time is 
fundamental to understanding the causes of the obesity epidemic in this group and to the 
development of more effective strategies for prevention. 
 Using nationally representative data on Mexican-American adults spanning a 20-
year period, we explored trends in BMI, waist circumference (WC), and the prevalence of 
obesity by nativity and length of U.S. residence. We also investigated whether the 
relationship between nativity/length of U.S. residence and BMI and WC varied by 
calendar time.  
Methods 
Study population and variables 
 We used data from successive waves of the third National Health and Nutrition 
Survey (NHANES) III (1988-1994), and the continuous NHANES (1999-2008)(96). 
NHANES is a series of cross-sectional nationally representative health examination 
surveys beginning in 1960. In each survey, a nationally representative sample of the U.S. 
civilian non-institutionalized population was selected using a complex, stratified multi-
stage probability cluster sampling design. Oversampling of Mexican-Americans did not 
begin until NHANES III precluding the use of data from earlier surveys. NHANES III 
was conducted between 1988 and 1994, and the sample was designed so that the entire 
six years was a national probability sample. Beginning in 1999, NHANES became a 
continuous survey, in which approximately 5,000 individuals of all ages completed the 
health examination component of the survey each year. The continuous surveys, which 
are a series of repeated cross-sections, are available in two-year blocks (i.e. 1999-2000, 
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2001-2002, 2003-2004, etc). All these surveys oversampled Mexican-Americans to 
produce statistically reliable estimates for this subgroup. There were two phases of data 
collection: in the first phase, researchers collected information from household interviews 
on demographics, socioeconomic indicators, past medical history, and health behaviors. 
In the second phase, participants were administered a physical examination in a mobile 
examination center, which included the collection of blood and urine specimens for 
laboratory testing.  
 In order to achieve sufficient sample sizes, we pooled NHANES data to represent 
three calendar time points: 1988-1994 (NHANES III), 1999-2004 (continuous 
NHANES), and 2005-2008 (continuous NHANES). We restricted the sample to adult, 
non-pregnant women and men aged 20-64 who self-identified as Mexican/Mexican-
American. The sample was limited to adults less than 64 years of age to avoid selection 
problems that may arise from morbidity/mortality associated with older age, as well as to 
allow for a more interpretable examination of change in BMI that is less likely to be 
influenced by age-related loss of body mass (82, 97). Of the 4614 men (1988-1994: 
n=1898; 1999-2004: n=1674; 2005-2008: n=1042) and 4199 women (1988-1994: 
n=1795; 1999-2004: n=1458; 2005-2008: n=946) that met our inclusion criteria, we 
further excluded individuals with missing information on BMI and other key covariates 
of interest (men: 8.2% missing; women: 6.8% missing), yielding a final sample of 4235 
men and 3914 women for analyses examining BMI. Waist circumference models 
included a sub-sample of 4129 men and 3808 women among whom this information was 
available.   
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 All height (m) and weight (kg), and waist circumference (cm) measurements were 
obtained via physical examination. Body mass index (BMI) (kg/m2) and waist 
circumference (WC) were examined as separate outcomes and as continuous variables. 
For descriptive purposes, participants were also classified based on the World Health 
Organization’s (WHO) criteria for levels of WC deemed to be at ‘high risk’ for metabolic 
syndrome (men:  ≥ 102 cm; women ≥ 88 cm) (56). Obesity prevalence (BMI ≥ 30 kg/m2) 
was also modeled. Information on nativity (U.S. vs. foreign-birth), years lived in the U.S. 
among the foreign-born, age, sex, and education (less than high school education, 
completed high school, and more than high school) were obtained via self-report during 
the household interview. We also created a single 3-level variable to examine nativity and 
length of U.S. residence together: U.S.-born represented the referent group and length of 
U.S. residence was categorized as < 10 years and ≥ 10 years to characterize the foreign-
born. 
Statistical Analysis 
 All results were stratified by sex. Appropriate sampling weights were 
incorporated to produce national population estimates for Mexican-Americans for each 
calendar period. Sampling weights accounted for unequal probabilities of selection, non-
response, and non-coverage. All analyses were conducted using SAS version 9.2 (SAS 
Institute Inc., Cary, NC) and SUDAAN version 10.01 (RTI, Research Triangle Park, NC) 
with Taylor series linearization methods to adjust for the complex survey design. Age-
adjusted means (BMI and WC) and prevalence (obesity) were first calculated and plotted 
for each level of the nativity/length of U.S. residence variable both within and across 
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survey periods. As a point of reference, estimates for whites were also plotted. To 
facilitate comparisons, estimates were age-adjusted by the direct method to the 2000 U.S. 
standard population (98). Differences across nativity categories, length of U.S. residence 
and survey years were evaluated using the t-statistic, and a p-value of <0.05 was 
considered significant. Multivariable linear regression was then used to separately model 
the association between the nativity/length of U.S. residence variable (< 10 years U.S., ≥ 
10 years U.S., U.S.-born (ref)), and continuous measures of BMI and WC among 
Mexican-Americans, controlling for continuous age and NHANES survey period (1988-
1994 (ref), 1999-2004, 2005-2008). An age-squared term was also retained in models in 
which age had a non-linear relationship with BMI and WC (all except WC models among 
women). An age by period interaction was also included since the association between 
age and all anthropometric measures was not constant over time. Subsequent models 
controlled for education (less than high school (ref), completed high school, more than 
high school). To investigate whether the relationship between nativity/length of U.S. 
residence and BMI/WC varied by time, models included an interaction between the 
nativity/length of residence variable and NHANES period. We also considered whether 
variation by calendar time in the relationship between nativity/length of residence and 
BMI/WC differed by level of educational attainment. Multivariable logistic regression 
was similarly used to estimate odds ratios for obesity however since results were similar 
to those obtained examining BMI and WC, these results are not shown.  
Results 
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Sample characteristics for Mexican-American men and women by nativity and for 
each of the periods under study are presented in Table 1. Across all periods, foreign-born 
Mexican men and women were more likely than U.S.-born Mexicans to have less than a 
high school education. However the educational distribution among all Mexican-
Americans shifted towards higher educational attainment with increasing calendar time. 
Among men, the foreign-born consistently had a lower mean BMI and WC, and a lower 
prevalence of obesity and high-risk WC than the U.S.-born. In contrast among women, 
except for mean WC in 2005-2008, there were no statistically significant differences by 
nativity in any of the anthropometric measures investigated regardless of survey year.  
 Among men, BMI, WC, obesity, and high-risk WC were higher in 2005-2008 
than in 1988-1994, in both the U.S. and foreign-born, though the increase in high-risk 
WC among the foreign-born was not statistically significant. Among foreign-born 
women, mean estimates suggested higher levels of all anthropometric measures in 2005-
2008 than in 1988-1994, but only the difference in WC was statistically significant. 
Among U.S.-born women, all anthropometric measures, except BMI, were significantly 
higher over time.  
Figure 1 (A-F) illustrates the age-adjusted mean BMI, mean WC, and obesity 
prevalence across NHANES survey periods by nativity and length of U.S. residence 
among Mexican-Americans and whites for men and women. Among men, the highest 
BMIs were observed among U.S.-born Mexican-Americans, whereas the lowest BMIs 
were observed for immigrants in the U.S. < 10 years (Fig. 1A). Intermediate and similar 
levels were observed for immigrants in the U.S. ≥ 10 years and for whites. These patterns 
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generally held across calendar time and were also present for WC (Fig. 1B) and obesity 
prevalence (Fig. 1C).  
In contrast to the patterns found among men, all Mexican-American women, 
regardless of nativity and length of residence, had higher BMIs than white women (Fig. 
1D). In general, there was little difference in BMI among the three Mexican-American 
groups. Similar patterns were observed for WC (Fig. 1E) and obesity prevalence (Fig. 
1F).   
 Table 2 presents adjusted mean differences in BMI and WC by nativity/length of 
U.S. residence stratified by period (top panel), and by period stratified by nativity/length 
of U.S. residence (bottom panel) among Mexican-Americans. Estimates were derived 
from a model including nativity/length of U.S. residence, age, age2, NHANES survey 
period, and interactions between age and period, and between nativity/length of U.S. 
residence and period (Model 1). Model 2 adjusts for education. All foreign-born men had 
a lower mean BMI and WC than U.S.-born men across all years. There was a graded 
relation by which the lowest BMI and WC estimates were observed among foreign-born 
men in the U.S. < 10 years followed by those in the U.S. ≥ 10 years (Model 1, top panel). 
All men experienced increases in BMI and WC over time, although changes over time 
were of a small magnitude and not statistically significant among recent immigrants 
(Model 1, bottom panel). However tests for the interaction between nativity/length of 
U.S. residence and NHANES period were not statistically significant (P for additive 
interaction = 0.3 (BMI model); p=0.5 (WC model)). Adjusting for education did not 
appreciably alter estimates (Model 2, top panel). Education was not associated with BMI 
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among men, but having more than high school education was associated with a lower 
WC.  
 Among women, foreign-born women tended to have lower BMI and WC than US 
born women, but these differences were substantial and statistically significant only after 
adjustment for education  (Models 1 and 2, top panel). There were no substantial 
differences between immigrants in the US < 10 years or ≥10 years. Similar patterns were 
observed across calendar periods. BMI and WC tended to increase over time in all groups 
but differences in BMI were small and less likely to be statistically significant than 
differences in WC. (Model 1, bottom panel). There was no evidence of an additive 
interaction between nativity/length of U.S. residence and NHANES period in either BMI 
or WC models. Having more than high school education was associated with a lower 
BMI and WC (Model 2).  
We also considered whether variation in the relationship between nativity/length 
of U.S. residence and BMI/WC by calendar time was further modified by educational 
attainment (less than high school; high school or more). Since trajectories over time were 
similar among individuals who completed high school and those with more than high 
school, we collapsed this category into ‘high school or more’ to ease interpretation and 
improve stability of the estimates. The original patterns among men were not altered. 
However among women, period differences in the relationship between nativity/length of 
U.S. residence and BMI or WC varied by educational attainment (3-way interaction 
between nativity/length of U.S. residence*education*survey period: p (BMI model) = 
0.0114; p (WC model) = 0.05). Since results were similar across all anthropometric 
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outcomes, we present results only for BMI. Adjusted mean estimates were computed 
from the interaction model and plotted in Figure 2.  
 Among Mexican-American women with less than high school education, BMI 
differences by nativity and length of residence became magnified over time: in 1988-
1994 there was little difference in BMI across the 3 groups, but by 2005-2008, the U.S.-
born had a considerably higher BMI than either of the foreign-born groups. This gap was 
attributable to large increases in BMI among U.S.-born women with less than high school 
education, and little increase in BMI over time among similarly educated foreign-born 
women. Among women with high school or more education, the U.S.-born had a higher 
BMI than both foreign-born groups in 1988-1994, but by 2005-2008, nativity differences 
were minimized due to little change in BMI among the U.S.-born paired with marked 
increases in BMI over time among both foreign-born groups.  
Discussion 
We used a nationally representative sample to describe 20-year trends in 
anthropometric outcomes for Mexican-Americans. We characterized differences in these 
outcomes between immigrants and the U.S. born, and between more recent and less 
recent immigrants, and explored how these patterns have changed over the past two 
decades. We noted important differences in these patterns between men and women. 
Taken together, our results enrich the picture that has been emerging in the literature on 
immigrant health and race/ethnic health disparities.    
 Among men, we documented a gradient consistent with patterns described 
elsewhere in the literature (7, 18, 21, 22, 44, 66, 67). BMI and WC were highest among 
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the U.S. born, somewhat lower among long-term immigrants, and lowest among the most 
recent immigrants. Hypotheses to explain this pattern have focused on selective migration 
and protective cultural characteristics among newer immigrants. Migrants are thought to 
be younger and healthier relative to their native populations, and are thus selected for 
their ability to better cope with the rigors of the migration process (3). To explain the 
later decline associated with longer time in the U.S., hypotheses have focused on the 
concept of acculturation, defined as a process whereby immigrants over time come to 
adopt the behaviors and norms of their new culture. This deterioration in health linked to 
the process of acculturation is thought to be related to the acquisition of negative risk 
factors, such as poorer diet, a more sedentary lifestyle, and increases in smoking and 
alcohol intake after leaving the country of origin (7, 11). 
 We contribute to this picture in several ways. First, we differentiate patterns 
among women from those among men. Many studies examining these patterns have 
pooled results across sexes. Those that have differentiated by sex have reported 
differences between men and women consistent with our findings (7, 16, 18, 21, 45, 66). 
Using National Health Interview Survey (NHIS) data from 1989-1996, Antecol et al, for 
example, reported smaller nativity differentials in self-reported BMI among females than 
males across races (21). However, our analysis illustrates that once differences in 
educational attainment were taken into account, the distinction between the sexes 
diminished substantially. Indeed several studies have shown socioeconomic status (SES) 
to be a stronger correlate of obesity among women than men (99-101). This also 
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highlights an alternative distinction-- education plays a more important modifying role 
for women than it does for men. 
 In addition to distinguishing between the sexes, we also contribute to the literature 
on immigrant health by examining trends in patterns of acculturation over time. BMI and 
WC increased among all nativity/length of U.S. residence categories for men. They 
increased slowest among the most recent immigrant group, implying that over the two 
decades of our analysis, anthropometric gradients may have become steeper; however, 
we cannot statistically reject the hypothesis that the gradient was of about equal size in 
the late 2000s as it had been in the early 1990s. Among women, we observed a 
statistically significant widening of the gradient, but only among the less educated. 
Education plays a more important modifying role for women than for men, not only in 
terms of the cross-sectional gradient in anthropometric outcomes but also in terms of 
changes in the nature of this gradient over time. Among immigrants, having more 
education may facilitate integration and acculturation into U.S. society, which may be 
accompanied by adoption of a more Westernized diet and sedentary lifestyle. Additional 
research will be necessary to explore the underlying reasons that education is observed to 
modify these relationships, and why its role as a modifier appears to be different for 
women than men.  
 In the context of Mexico's ongoing obesity epidemic, we anticipated some 
narrowing of the nativity/length of U.S. residence gradient over time. As BMI and WC in 
Mexico converge with the U.S., it is plausible that a similar convergence might be 
observed between Mexican migrants and the Americans they join. However, we observed 
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no such pattern. This may seem paradoxical, but we note that migrants are systematically 
selected from their country of origin; changes in the Mexican population average over 
time are not necessarily a reflection of the subpopulation that migrates to the U.S.  The 
extent to which Mexican immigrants are positively selected on health is unclear, but one 
study that compared the weight of Mexican migrants to non-migrants demonstrated a 
lower prevalence of overweight among migrants (102). The patterns we observed over 
these 20 years may be driven by changes in the dynamics by which immigrants are 
selected from among their sending communities. Changes to U.S. immigration policy and 
to other economic and social factors that motivate immigration will likely continue to 
play an important role in shaping the health profile of immigrants in the future.  
 These results also speak to an important theme in the health disparities literature 
in the U.S. We have documented complicated interactions between gender, nativity, and 
educational attainment among the largest subgroup of Hispanics in the U.S. SES 
disparities in BMI and obesity have been extensively documented in the U.S., but much 
of the literature highlights that these disparities are particularly weak among Hispanics 
(23, 24, 103, 104). Our findings suggest that this overall average may mask important 
heterogeneity; SES gradients among U.S. born Hispanic women may actually be quite 
steep, but this pattern is obscured when findings are not disaggregated by sex and 
nativity. Moreover, our results imply that some of these gradients may not be stable over 
time; for example, the SES gradient among U.S. born Hispanic women appears to have 
gotten steeper between the late 1980s and late 2000s. These patterns may call for 
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interventions to thwart this trend, as well as a reexamination of patterns that were 
documented in the past. 
 Our study had several strengths. First, we used a large, nationally representative 
dataset that over-sampled Mexican-Americans over a large time span, permitting detailed 
examination of trends over time. Second, we used clinically-measured anthropometric 
indicators, which mitigates problems with validity and reliability inherent in self-reported 
measures. Third, unlike previous studies that explored anthropometric trends among 
Mexican-Americans, or that examined nativity differences at a single point in time, we 
were able to capture weight-related patterns both by nativity and time live in the U.S., 
and examined how these measures changed over time. 
 This work also had some important limitations. Although data on Mexican-
Americans is intended to be nationally representative, it is unclear the extent to which 
undocumented individuals were captured. The undocumented are estimated to constitute 
more than half of the Mexican immigrant population in the U.S. and therefore represent 
an important segment of the population (105). Similarly, there is also a concern that data 
among newer immigrants more generally may not be adequately representative of all new 
Mexican immigrants to U.S. Other data sources may be necessary to better quantify 
health patterns for newer arrivals.  
Reliance on cross-sectional data is also a limitation common to studies of 
immigrants and Mexican-Americans. We documented trends in anthropometry over time, 
but these estimates do not examine the same individual, and could very well represent 
individuals different on a number of unmeasured characteristics. Circular migration is not 
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uncommon, particularly among Mexican men (106), which complicates findings based on 
length of U.S. residence. Without the ability to follow the same individual over time, we 
cannot ascertain, for example, whether the higher weight among long-term immigrants is 
not merely a reflection of greater return migration of healthier individuals. Studies 
documenting migration patterns of Mexicans to the U.S. also reveal a greater likelihood 
of return migration in the wake of enactment of immigration policies aimed at 
legalization of long-term immigrants. After the passage of the Immigration and Control 
of 1986, for example, return migration rates increased dramatically (106), possibly 
biasing findings among long-term immigrants that remained in the U.S. after that point. If 
immigrants more physically capable of return travel are not represented in estimates of 
long-term immigrants, we may falsely attribute a decline in health among immigrants that 
remain in the U.S. to their greater exposure to U.S. society. In other words, rather than 
being viewed as a risk factor that contributes to weight gain, longer length of residence 
may instead be a reflection of who actually remains in the U.S. over the long-term.  
Further research will be necessary to uncover the dynamics underlying the 
patterns we have reported. Nevertheless, these patterns have important implications for 
future chronic disease burden in the U.S. If the secular trends we report continue 
unabated, it has the potential to exacerbate socioeconomic health disparities among U.S.-
born Mexican-American women. This development may be masked if researchers 
aggregate “Hispanics” as a single ethnic group when evaluating these trends. Migration 
processes are dynamic. As the social, political, and economic factors that influence it 
change, so will the nature of ethnic, socioeconomic, and gender disparities in health.   
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Table 4.1. Sample Characteristics by Nativity and NHANES Survey Period for Mexican-American Women and Men, Aged 20-64 Years 
 
 
NHANES III: 1988-1994 
Continuous NHANES 
 1999-2004 2005-2008 
N† 3175 3037 1937 
 Women Men Women Men Women Men 
 1571 1604 1420 1617 923 1014 
 U.S. 
born 
Foreign 
born 
U.S. 
born 
Foreign 
born 
U.S. 
born 
Foreign 
born 
U.S. 
born 
Foreign 
born 
U.S. 
born 
Foreign 
born 
U.S. 
born 
Foreign 
born 
N† 908 663 821 783 693 727 707 910 443 480 385 629 
Mean age, years 37.6 35.2* 37.2 32.5* 35.3 36 35.8 34.5 37.1 37.7 35.3 35 
Education, %             
Less than high school 34.2 77.1* 33.6 76.3* 22.2 62.3* 25.2 63.4* 20.4 60* 20.2 67.4* 
Completed high school 39.9 13.1 34.4 13.3 25.9 15.7 26.4 19.4 23.1 16.8 25.3 18.2 
More than high school 25.9 9.8 32 10.4 51.9 22 48.4 17.2 56.6 23.2 54.5 14.3 
Years in U.S. (among 
foreign born), %             
< 10 years - 45.2 - 48.3 - 41.3 - 43.7 - 40 - 46.7 
≥ 10 years - 54.8 - 51.7 - 58.7 - 56.3 - 60 - 53.3 
Mean body mass index 
(kg/m2)€ 28.7 28.3 28.2 26.7* 29.5 29 28.8 27.7** 29.7 29.2 29.9a 27.9*a 
Obese, %€ 38.3 34.6 30.3 18* 42.8 35.6 35.5 25.3** 45.2a 41.4 36.3a 25**a 
N‡ 874 637 798 755 683 714 699 893 435 465 378 606 
Mean waist 
circumference (cm)€ 92.8 91.7 98 93.6* 94.7 93.3 99.4 96.3** 96.3a 94.5**a 
102.3
a 96.8*a 
High risk waist 
circumference, % (men:  
≥ 102 cm; women ≥ 88 
cm)€ 62.4 59.8 34.3 22* 64.9 62.7 42.5 28.4** 64a 67.3 40.1a 27** 
*p ≤ 0.0001; **p < 0.05: comparing foreign-born to U.S.-born within survey period and by gender 
a p < 0.05; comparing respective nativity estimates in 2005-2008 to estimates in 1988-1994 
†Number of individuals with complete information on body mass index, nativity, length of U.S. residence, and education 
‡Number of individuals with complete information on waist circumference, nativity, length of U.S. residence, and education 
€Estimates age-adjusted by the direct method to the year 2000 Census population using the age groups 20-34, 35-44, and 45-64 
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Figure 4.1. Age-adjusted body mass index (BMI), waist circumference (WC), and obesity prevalence 
for Mexican-American foreign-born (FB) by length of U.S. residence (< 10 years, ≥ 10 years) and 
U.S.-born (USB) men (A, B, C) and women (D, E, F) by National Health and Nutrition Examination 
Survey (NHANES) years 
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Estimates for whites presented for reference. Age-adjusted by the direct method to the year 2000 U.S. 
Census population using age groups 20-34, 35-44, and 45-64. 
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Table 4.2 - Adjusted Mean Differences in BMI and WC among Mexican-Americans by Nativity/Length of U.S. Residence and NHANES 
Survey Period 
 
 MEN WOMEN 
 BMI WC BMI WC† 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
Nativity/length of U.S. residence 
differences by period 
        
1988-1994         
U.S.born ref ref ref ref ref ref ref ref 
Foreign born: ≥10 years 
-1.30 
(0.31)* 
-1.33 
(0.33)* 
-3.01 
(0.79)* 
-3.39 
(0.83)* 
-0.57 
(0.57) 
-1.18 
(0.61) 
-0.88 
(1.09) 
-2.02 
(1.16) 
Foreign born: <10 years 
-1.97 
(0.28)* 
-2.00 
(0.29)* 
-6.18 
(0.74)* 
-6.59 
(0.76)* 
-0.75 
(0.39) 
-1.45 
(0.44)* 
-1.59 
(0.83) 
-2.89 
(0.90)* 
1999-2004                 
U.S.born ref ref ref ref ref ref ref ref 
Foreign born: ≥10 years -0.54 (0.64) -0.61 (0.63) 
-1.31 
(1.60) -1.84 (1.63) 
-0.94 
(0.59) 
-1.60 
(0.54)* 
-2.39 
(1.52) 
-3.69 
(1.33)* 
Foreign born: <10 years 
-1.92 
(0.63)* 
-2.08 
(0.65)* 
-5.89 
(1.77)* 
-6.63 
(1.84)* 
-0.90 
(0.90) 
-1.75 
(0.91) 
-1.94 
(1.47) 
-3.62 
(1.49)** 
2005-2008                 
U.S.born ref ref ref ref ref ref ref ref 
Foreign born: ≥10 years 
-1.48 
(0.49)* 
-1.65 
(0.53)* 
-4.32 
(1.29)* 
-5.13 
(1.34)* 
-0.20 
(0.57) 
-1.03 
(0.50)** 
-1.84 
(1.24) 
-3.49 
(1.12)* 
Foreign born: <10 years 
-3.19 
(0.63)* 
-3.36 
(0.64)* 
-8.92 
(1.80)* 
-9.81 
(1.80)* 
-0.80 
(0.46) 
-1.48 
(0.51)* 
-1.79 
(1.09) 
-3.12 
(1.30)** 
Period trends by nativity/length 
of U.S. residence 
        
U.S. born         
1988-1994 ref ref ref ref ref ref ref ref 
1999-2004 0.55 (0.62) 0.64 (0.61) 
1.87 
(1.56) 2.18 (1.53) 
0.92 
(0.57) 
1.29 
(0.57)* 
2.45 
(1.40) 
3.25 
(1.34)** 
2005-2008 
2.06 
(0.59)* 
2.22 
(0.59)* 
5.93 
(1.59)* 
6.51 
(1.60)* 
0.78 
(0.64) 
1.20 
(0.63) 
3.71 
(1.24)* 
4.59 
(1.24)* 
Foreign born: ≥10 years                 
1988-1994 ref ref ref ref ref ref ref ref 
1999-2004 1.34 1.36 3.57 3.73 0.55 0.87 0.94 1.57 
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(0.34)* (0.34)* (0.88)* (0.89)* (0.61) (0.63) (1.38) (1.42) 
2005-2008 
1.88 
(0.48)* 
1.90 
(0.48)* 
4.62 
(1.35)* 
4.76 
(1.38)* 
1.15 
(0.63) 
1.35 
(0.63)* 
2.74 
(1.37)** 
3.12 
(1.39)** 
Foreign born: <10 years                 
1988-1994 ref ref ref ref ref ref ref ref 
1999-2004 0.59 (0.52) 0.56 (0.52) 
2.17 
(1.45) 2.14 (1.42) 
0.77 
(1.06) 
0.99 
(1.03) 
2.11 
(1.70) 
2.52 
(1.67) 
2005-2008 0.84 (0.51) 0.86 (0.53) 
3.19 
(1.62) 3.28 (1.67) 
0.73 
(0.82) 
1.17 
(0.79) 
3.52 
(1.67)** 
4.36 
(1.63)* 
Education                 
Less than high school   ref   ref   ref   ref 
Completed high school    0.31 (0.35)   0.30 (0.89)   
-0.98 
(0.50)   
-1.66 
(1.00) 
More than high school   -0.46 (0.38)   
-2.06 
(0.96)**   
-2.15 
(0.58)*   
-4.25 
(1.23)* 
p-interaction (nativity/length of 
residence* period) 0.2671 0.2338 0.539 0.4164 0.9372 0.9615 0.9084 0.8205 
*p< 0.01; **p<0.05 
BMI, body mass index; WC, waist circumference 
Model 1 adds age, age2, nativity/length of U.S. residence, NHANES period, and interactions between age and period, and nativity/length of U.S. 
residence and period 
Model 2 further adjusts for education 
†WC models for women did not require age2 term 
In all models, referent group recoded to obtain relevant estimates within and across time periods. 
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Figure 4.2. Adjusted mean body mass index (BMI) by nativity/length of U.S. 
residence among Mexican-American women by level of educational attainment 
across National Health and Nutrition Examination Survey (NHANES) years 
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mean age of the female sample (age=36). 
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Chapter 5 
 
Conclusion 
 
Summary of Findings 
 This dissertation expands upon the literature as it relates to immigrant health in 
two key ways: by applying a longitudinal perspective and by examining heterogeneity in 
the relationship between nativity/length of U.S. residence and BMI and WC. 
Understanding the factors that shape immigrant health trajectories may guide the design 
of interventions for this rapidly expanding segment of the population. The three papers in 
this dissertation specifically examined: 1) differences in the rates of WC increase among 
U.S. and foreign-born Hispanic and Chinese adults; 2) the role of the neighborhood 
environment in moderating the relationship between nativity/length of U.S. residence and 
WC among Hispanics and Chinese adults; and 3) variation over time in the relationship 
between nativity/length of U.S. residence and body mass index (BMI) and WC among 
Mexican-American adults. The primary conclusion was that longer exposure to the U.S. 
context does not have the same health implications for all immigrants.   
 Chapter 2 used prospective data from the Multi-Ethnic Study of Atherosclerosis 
(MESA) to investigate whether Hispanic and Chinese foreign-born participants had more 
rapid rates of WC increase relative to their U.S.-born counterparts. Both Hispanics and 
Chinese foreign-born individuals had a lower mean WC at baseline, and there was no 
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evidence that rates of WC increase exceeded rates among the U.S.-born. This finding is 
inconsistent with the common interpretation of most cross-sectional studies which imply 
a greater rate of weight increase among immigrants, such that averages eventually 
approach those of the U.S.-born. Cross-sectional analyses may conflate cohort or age 
effects with the effects of time in the U.S. A longitudinal examination is essential to 
adequately capture the association between individual-level change and longer time in the 
U.S.  However, when Hispanics were disaggregated by Mexican-origin status, Mexican 
immigrants had a greater rate of WC increase relative to both U.S.-born Mexican-
Americans, and non-Mexican Hispanic immigrants. This pattern was even stronger 
among Mexican immigrant women. There are several plausible explanations for this 
finding. First, there a larger proportion of non-Mexican Hispanics were long-term 
immigrants than Mexican Hispanics. Since a more rapid rate of WC increase was found 
among more recent Mexican immigrants, steeper increases among foreign-born Mexican 
Hispanics overall may merely reflect differences in the distribution of years lived in the 
U.S. between the two Hispanic ethnic groups. However, among non-Mexican Hispanics, 
WC trajectories did not differ by baseline length of U.S. residence as was the case among 
Mexican Hispanics. Second, behaviors, beliefs, and practices acquired in the country of 
origin are also likely to dictate health patterning after migration. Legal status, factors that 
motivate migration, and even skin color vary by ethnicity and can contribute to variation 
in health patterning. Moreover, certain ethnic groups may be more likely to migrate to 
distinct regions in the U.S. (e.g. Cubans to Miami, Puerto Ricans and Dominicans to the 
NYC area, Mexicans to California, Texas, and the South, etc). These regions differ in the 
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quality of their built environments, and the political and social climate with respect to 
receptivity of immigrant groups. Bivariate analyses in MESA suggested that Mexican 
Hispanics were more concentrated in Los Angeles, CA and St. Paul, MN, while non-
Mexican Hispanics were overwhelmingly concentrated in New York, NY. Mexican 
Hispanics also lived in environments with poorer availability of healthy food and poorer 
walkability. A more comprehensive examination of the inter-relationship among 
Mexican-origin status, the neighborhood environment, and WC change was not feasible 
due to sample size. However, the confluence of cultural and behavioral factors associated 
with country of origin, as well as characteristics of the receiving environment may have 
contributed to the heterogeneity observed by ethnicity among Hispanics.  
 Chapter 3 also used prospective data from MESA to examine the role of the 
neighborhood residential environment in moderating the relationships between 
nativity/length of U.S. residence and baseline WC and WC change among Hispanics and 
Chinese participants. The association between longer time in the U.S. and a decline in 
health is typically thought to arise from environmental factors that discourage the practice 
of healthy behaviors. There was a larger cross-sectional difference in mean WC between 
foreign-born and U.S.-born Hispanics in neighborhoods characterized by greater healthy 
food availability. This finding reflected the fact that WC was lower among the foreign-
born in these better neighborhoods. This pattern may suggest a greater health 
vulnerability among Hispanic immigrants to the dietary resources available in their 
neighborhoods. However longitudinal nativity differences were not modified by any of 
the neighborhood indicators. Among Chinese participants, the walkability of the 
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environment modified the longitudinal relationship between length of U.S. residence and 
WC change. Specifically, the impact of more years in the U.S. on WC increase was 
weaker in more walkable neighborhoods. Taken together, better food environments 
enhanced the protective cross-sectional association between foreign-birth and lower WC 
in Hispanics, and better walking environments buffered the adverse effect of longer 
length of U.S. residence on WC increase in Chinese. Assuming a causal relationship 
between neighborhood factors and WC and WC change, these findings point to the 
contribution of contextual factors in shaping WC patterning for Hispanic and Chinese 
immigrants.   
 Mexico is the largest immigrant sending country to the U.S. (57) In light of 
Mexico’s emerging obesity epidemic, the protective effect of foreign-birth and shorter 
length of U.S. residence on BMI and WC may be expected to vary over time. Chapter 4 
used repeated cross-sections from NHANES to examine secular variation in the 
relationship between nativity/length of U.S. residence and BMI and WC among a 
nationally representative sample of Mexican-Americans. There was a graded relationship 
between longer length of U.S. residence and higher BMI and WC (with the U.S.-born 
having the highest estimates). This relationship did not change substantially between 
1988-1994 and 2005-2008. However, there were important variations in this patterning 
by gender and by socioeconomic status. Among women, BMI and WC differences by 
nativity were only evident after adjusting for educational attainment. Moreover, trends in 
this gradient varied by education; notably, U.S.-born women with less than high school 
education had increasingly higher mean BMI and WC over time, magnifying the gradient 
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by nativity. Among women with high school or more education, BMI and WC increased 
for the foreign-born, narrowing the gradient. The pattern among the low-educated U.S.-
born Mexican-American women was especially troubling. A majority of Mexican 
foreign-born women were characterized by low education. Studies show that SES is often 
transmitted across generations (107, 108). If the U.S.-born daughters of low-educated 
Mexican migrants continue on the same trajectory, this will exacerbate already existing 
health disparities.   
 In chapter 2 of the dissertation, there were smaller nativity differences in baseline 
WC among women of Mexican-origin than among men in MESA, consistent with 
findings from NHANES. However, from a longitudinal perspective, WC increased faster 
among both male and female Mexican immigrants than among the U.S.-born, in contrast 
to the findings observed using NHANES data (chapter 4). Differences between the 
MESA and NHANES samples limit comparability of results between these two studies. 
MESA is an older sample with no clinical CVD disease at baseline. NHANES includes a 
greater age range (20-64 years for this analysis) and is more likely to be representative of 
Mexican-Americans in the U.S. than MESA. More recent immigrants in MESA are also 
apt to be quite different from recent immigrants in NHANES. Individuals that migrate in 
older age tend to do so for family and/or medical reasons, whereas younger individuals 
tend to move for labor opportunities and thus may be more health-selected (106, 109). 
These findings highlight the heterogeneity that may be present even when examining 
health patterns within the same ethnic group.  
Limitations 
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 Although longitudinal data were used for the first two aims of this dissertation, 
the third aim used cross-sectional data from NHANES. Migration and subsequent 
exposure to a new environment produces changes that occur within an individual. 
Longitudinal data are necessary to examine this process. Using NHANES, trends in 
anthropometry were documented over time, but these estimates do not examine the same 
individual, and may represent individuals different on a number of unmeasured 
characteristics. However, often times there is a tradeoff between using data that is 
nationally representative, and using data that employs a prospective, and perhaps more 
valid approach when examining processes that occur within an individual over time. 
Although use of cross-sectional data remains a limitation here, one strength of this 
dissertation is the use of both longitudinal data that is likely to be less representative of a 
population and paired with the use of cross-sectional data that is intended to be nationally 
representative.   
 Another limitation relates to the way the process of acculturation was 
operationalized. Simple proxy measures, such as nativity and years lived in the U.S., 
were used to characterize this complex and multi-dimensional process (9, 11). Exposure 
to differential cultural and socio-political features of the host country environment, 
variation in opportunity for socioeconomic advancement, and the influence of 
characteristics associated with a migrant’s country of origin all converge to shape the 
acculturation process (10, 11). However, currently there is no standardized way to 
measure this construct. Moreover, the goal of this dissertation was not to measure the 
changes in values, beliefs, and attitudes that are associated with greater acculturation to 
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the host society. Rather, these simple descriptors were used to facilitate examination of 
the heterogeneity in immigrant populations. These findings can then be used as a basis 
from which investigators can begin to uncover what factors shape trajectories of 
immigrant health.  
 In chapters 2 and 3, a median follow-up of 5 years was a relatively time short 
timeframe for assessing change in WC. For many individuals, change in WC may have 
already occurred prior to baseline, and was also likely affected by other factors 
accumulating over the life course. As a result, this may have precluded detection of any 
significant change in WC for some groups. Nevertheless, no other studies, as of this 
writing, have examined health patterning among immigrant adults from a longitudinal 
perspective. Future follow-up of MESA participants will permit examination over a 
longer period of time.  
 A number of analyses were also likely constrained by sample size limitations. 
Small cell sizes for the U.S.-born, particularly non-Mexican Hispanics and Chinese in 
chapter 2, may have limited statistical power to detect associations between nativity and 
WC change for these groups. Non-Mexican Hispanics represent a very heterogeneous 
group whose classification as a single homogenous group could have also masked 
important patterns. In chapter 3, the small number of U.S.-born Chinese-Americans did 
not permit examination of heterogeneity by neighborhood environment in the association 
between nativity and WC. Similarly, small numbers of newer Mexican immigrants in 
NHANES may have limited power to detect variation in anthropometric trends between 
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these and other groups. Sub-analyses by gender are also important in research of 
immigrants, but were only possible in some chapters.  
U.S.-born individuals were aggregated as a single group irrespective of immigrant 
generational status. Second generation individuals (i.e. children of immigrants) may be 
distinct from individuals that are third generation or higher due to differences in their 
social experiences having been raised in a family of immigrants (79). Factors associated 
with their upbringing may contribute to differences in behaviors and health outcomes 
relative to individuals that are third generation or higher. However small sample sizes 
among some of the U.S.-born ethnic groups precluded examination of health patterning 
by generational status.    
MESA is an older, yet healthy cohort sampled from selected sites; it is not clear 
how well findings would generalize to other immigrant groups in the U.S. Although 
NHANES is intended to be nationally-representative, there is some concern that 
undocumented immigrants, which are estimated to constitute more than half of the 
Mexican immigrant population in the U.S. (105), are not well represented. Likewise, it is 
unclear how well newer Mexican immigrants are represented more generally, which may 
have implications for the representativeness of the findings among this subgroup. 
Public Health, Policy, and Research Implications 
 
This dissertation offers insight into heterogeneity of BMI and WC patterning 
among immigrants to the U.S. Longer time in the U.S. was associated with a decline in 
health for some, but not all of the groups that were studied. However several questions 
remain. For instance, what is the mechanism through which Mexican-origin status among 
 93 
 
the foreign-born is associated a more rapid increase in WC? Alternatively, why were 
foreign-born non-Mexican Hispanics protected against increases in WC? Baseline diet 
and measures of leisure-time physical activity were tested as mediators but did not fully 
explain these relationships. Other forms of activity, such as occupational or 
transportation-related activity, may be better measures of energy expenditure, particularly 
in a population in which leisure-time physical activity is known to be low.  
There may also be other mechanisms through which longer time in the U.S. can 
impact weight gain, especially central adiposity. Immigration is accompanied by stressful 
socio-cultural and environmental changes. Higher physiological stress, measured using 
cortisol biomarkers, has been positively associated with central adiposity (110-112). As a 
result, higher stress may also be a pathway through which longer time in the U.S. 
contributes to increasing waist circumference. Other psychosocial measures, social 
support networks, discrimination, and legal status are other factors to be considered in 
future research.  
A more thorough unpacking of what is meant by longer ‘length of U.S. residence’ 
is also warranted. Although it is intended to proxy a process of cultural and behavioral 
change, the concept of ‘culture’ remains notoriously difficult to measure and even define 
(113). In this sense, qualitative studies may be better to inform conceptualization of some 
of these more abstract concepts and processes. 
The health deterioration thought to result from longer time in the U.S. has been 
attributed to environmental factors. However the social and cultural environment where 
immigrants reside can also influence the process of acculturation itself. Immigrants living 
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in disadvantaged neighborhoods, for example, may have limited access to resources to 
education and employment which in turn could create obstacles for upward mobility and 
possibly better health. Similarly, foreign-born individuals living in neighborhoods 
marked by poverty may merely be ‘acculturating’ to the negative health behaviors that 
have been shown to be prevalent in these neighborhoods. While living in immigrant 
enclaves may hinder the acculturation process by slowing the adoption of English 
language skills, enclaves may also confer benefits through social networks and the 
preservation of cultural norms that may be more protective for health (41). Future work 
will need to account for the contextual influences that simultaneously shape both the 
acculturation process itself as well as trajectories for health.    
Although this dissertation begins to uncover the neighborhood-level determinants 
of immigrant health, the neighborhood scales used were based on a subjective 
characterization of the residential environment. It remains unclear how other structural 
features of the environment such as fast food store density, availability of parks and 
recreational facilities, etc. may be relevant for immigrants. Subjective measures of the 
built environment may not adequately reflect the true quality and availability of 
resources. Although many studies have shown both perception- and GIS-based measures 
of the environment to be associated with obesity, as well as diet and physical activity (34, 
35, 91), perception is likely to be linked to individual psychological, cultural, and 
behavioral factors (114). Other characteristics such as low income, poor health, and less 
time in the neighborhood have also been associated with greater mismatch between 
perception of the built environment and availability and quality of structural resources 
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(115). In these dissertation analyses, the neighborhood measures used may adequately 
characterize the true nature of the built environment. However it is also possible that 
limited awareness or access to resources could have resulted in poorer ratings with 
respect to availability of healthy food, for example, that may not necessarily match with 
the reality in the neighborhood. Relying solely on perception-based measures may 
misestimate the true association between the neighborhood and anthropometric outcomes. 
However, subjective measures may also capture relevant neighborhood dimensions not 
well-characterized by GIS-based measures. Supermarket density is often used as a marker 
of healthy food availability, for example, but respondent information may better indicate 
whether the food sold is truly healthier in nature. Perception is also more likely to shape 
utilization of available resources. Future work that incorporates multiple measures of 
neighborhood quality will be important to understand what environmental features may 
be most relevant to health for immigrants to better guide interventions. Chapter 4 
introduced discussion of how national immigration policies (such as the Immigration 
Reform and Control Act of 1986) may have implications for the health selection of new 
immigrant arrivals, and how these policies may contribute to health patterning of 
immigrants that reside in the U.S. Implementation of stricter border controls, for 
example, may increasingly select healthier immigrants who are more physically capable 
of migrating to the U.S. in light of greater obstacles to entry. On the other hand, such 
policies may also select for immigrants living under more desperate circumstances, which 
may also influence health patterning. Once in the U.S., national and state immigration 
policies, such as those adopted by the Arizona state senate in April 2010, may further 
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marginalize already vulnerable populations living in the U.S. Increased marginalization 
may precipitate a more rapid decline in health among immigrants. Future legislation of 
immigration is anticipated, especially with regards to Mexican migration. It will be 
critical for future work to adapt a multi-level framework that accounts for the influence of 
these more macro-level policies when examining health patterns among immigrants. 
 These dissertation papers provide evidence of variability in immigrant health 
trajectories which can assist policy makers in designing more targeted interventions. 
Efforts aimed at reducing obesity and promoting healthy behaviors among immigrants, or 
non-white populations more generally, are limited. A review that evaluated population-
based interventions to promote healthy eating and active living in communities of color 
demonstrated a paucity of interventions; among the few strategies that have been tested, 
their effects on health have been modest to none (116). As a result, an increasing number 
of studies have focused efforts on qualitatively evaluating the needs and cultural 
perspectives of specific communities (117-119). There is increasing recognition that both 
community and individual-level interventions that may be successful in predominantly 
white populations may not translate to other groups. One study that explored barriers to 
physical activity among a diverse sample of Latinas, African-Americans, Native 
Hawaiian, and Hmong immigrants emphasized the importance of activities that 
encourage the involvement of family and friends over more individually-oriented 
activities. Although all groups were aware of the connection between physical activity 
and health, immigrant groups especially, construed physical activity as a natural part of 
their daily routine that did not require additional planning or active incorporation (120). 
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This perspective may explain why levels of leisure-time physical activity among 
immigrants are often lower than among U.S.-born individuals (7, 121). In many non-
Western countries, recommended levels of energy expenditure are achieved through the 
daily activities associated with one’s occupation and lifestyle, rather than through leisure-
time physical activity. For this reason, many immigrants may not perceive the value of 
incorporating additional exercise into their daily routine, especially in the context of 
severe time constraints. From this perspective, interventions at the community-level that 
facilitate more utilitarian activity may be more relevant for some immigrant groups.  
 Participants from this same qualitative study also preferred to engage in activities 
that were inexpensive, accessible in their communities, and that were primarily 
performed outdoors rather than inside a facility (120). Another qualitative study of Latina 
immigrants cited lack of time, lack of child care, and issues surrounding ‘machismo’ and 
gendered social norms that created barriers against physical activity (119). Health 
behavior interventions that encourage involvement of the family, or of mothers and 
children together, may be more effective at addressing the specific needs of immigrant 
populations. 
 Efforts to preserve the health of immigrants and stall the deterioration of health 
that accompanies exposure to a new and perhaps more obesogenic environment must be 
based on a more nuanced understanding of the migration experience. The immigration 
and acculturation processes have not always been linked to negative consequences as 
they have also been associated with expanding opportunities for immigrants with respect 
to education, income, and upward mobility. Preserving these positive aspects of 
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acculturation while facilitating retention of protective factors for health may be part of 
the strategy to maintaining good health in this rapidly expanding segment of the 
population.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 99 
 
Bibliography 
1. Gushulak B. Healthier on arrival? Further insight into the "healthy immigrant effect". 
CMAJ2007 May 8;176(10):1439-40. 
 
2. Sussner KM, Lindsay AC, Greaney ML, Peterson KE. The influence of immigrant 
status and acculturation on the development of overweight in Latino families: a 
qualitative study. J Immigr Minor Health2008 Dec;10(6):497-505. 
 
3. Akresh IR, Frank R. Health selection among new immigrants. Am J Public Health2008 
Nov;98(11):2058-64. 
 
4. Abraido-Lanza AF, Dohrenwend BP, Ng-Mak DS, Turner JB. The Latino mortality 
paradox: a test of the "salmon bias" and healthy migrant hypotheses. Am J Public 
Health1999 Oct;89(10):1543-8. 
 
5. Rogler LH, Cortes DE, Malgady RG. Acculturation and mental health status among 
Hispanics. Convergence and new directions for research. Am Psychol1991 
Jun;46(6):585-97. 
 
6. Viruell-Fuentes EA. Beyond acculturation: immigration, discrimination, and health 
research among Mexicans in the United States. Soc Sci Med2007 Oct;65(7):1524-35. 
 
7. Abraido-Lanza AF, Chao MT, Florez KR. Do healthy behaviors decline with greater 
acculturation? Implications for the Latino mortality paradox. Soc Sci Med2005 
Sep;61(6):1243-55. 
 
8. Clark RL, King RB. Social and economic aspects of immigration. Ann N Y Acad 
Sci2008;1136:289-97. 
 
9. Abraido-Lanza AF, Armbrister AN, Florez KR, Aguirre AN. Toward a theory-driven 
model of acculturation in public health research. Am J Public Health2006 
Aug;96(8):1342-6. 
 
10. Hunt LM, Schneider S, Comer B. Should "acculturation" be a variable in health 
research? A critical review of research on US Hispanics. Soc Sci Med2004 
Sep;59(5):973-86. 
 
11. Lara M, Gamboa C, Kahramanian MI, Morales LS, Bautista DE. Acculturation and 
Latino health in the United States: a review of the literature and its sociopolitical context. 
Annu Rev Public Health2005;26:367-97. 
 
12. Perez-Escamilla R, Putnik P. The role of acculturation in nutrition, lifestyle, and 
incidence of type 2 diabetes among Latinos. J Nutr2007 Apr;137(4):860-70. 
 100 
 
13. Thomson MD, Hoffman-Goetz L. Defining and measuring acculturation: A 
systematic review of public health studies with Hispanic populations in the United States. 
Soc Sci Med2009 Jun 12. 
 
14. Chun KM, Balls Organista P, Marín G (eds). Acculturation: Advances in theory, 
measurement, and applied research. Washington, D.C.: American Psychological 
Association; 2003. 
 
15. Yeh MC, Viladrich A, Bruning N, Roye C. Determinants of Latina obesity in the 
United States: the role of selective acculturation. J Transcult Nurs2009 Jan;20(1):105-15. 
 
16. Oza-Frank R, Cunningham SA. The weight of US residence among immigrants: a 
systematic review. Obes Rev2009 Jun 15. 
 
17. Himmelgreen DA, Perez-Escamilla R, Martinez D, Bretnall A, Eells B, Peng Y, 
Bermudez A. The longer you stay, the bigger you get: length of time and language use in 
the U.S. are associated with obesity in Puerto Rican women. Am J Phys Anthropol2004 
Sep;125(1):90-6. 
 
18. Sanchez-Vaznaugh EV, Kawachi I, Subramanian SV, Sanchez BN, Acevedo-Garcia 
D. Differential effect of birthplace and length of residence on body mass index (BMI) by 
education, gender and race/ethnicity. Soc Sci Med2008 Oct;67(8):1300-10. 
 
19. Park Y, Neckerman KM, Quinn J, Weiss C, Rundle A. Place of birth, duration of 
residence, neighborhood immigrant composition and body mass index in New York City. 
Int J Behav Nutr Phys Act2008;5:19.  
 
20. Lauderdale DS, Rathouz PJ. Body mass index in a US national sample of Asian 
Americans: effects of nativity, years since immigration and socioeconomic status. Int J 
Obes Relat Metab Disord2000 Sep;24(9):1188-94. 
 
21. Antecol H, Bedard K. Unhealthy assimilation: why do immigrants converge to 
American health status levels? Demography2006 May;43(2):337-60. 
 
22. Kaushal N. Adversities of acculturation? Prevalence of obesity among immigrants. 
Health Econ2009 Mar;18(3):291-303. 
 
23. Khan LK, Sobal J, Martorell R. Acculturation, socioeconomic status, and obesity in 
Mexican Americans, Cuban Americans, and Puerto Ricans. Int J Obes Relat Metab 
Disord1997 Feb;21(2):91-6. 
 
24. Sundquist J, Winkleby MA. Cardiovascular risk factors in Mexican American adults: 
a transcultural analysis of NHANES III, 1988-1994. Am J Public Health1999 
May;89(5):723-30. 
 101 
 
25. Ahluwalia IB, Ford ES, Link M, Bolen JC. Acculturation, weight, and weight-related 
behaviors among Mexican Americans in the United States. Ethn Dis2007 
Autumn;17(4):643-9. 
 
26. Yeh MC, Fahs M, Shelley D, Yerneni R, Parikh NS, Burton D. Body Weight and 
Length of Residence in the US Among Chinese Americans. J Immigr Minor Health2007 
Dec 18. 
 
27. Bates LM, Acevedo-Garcia D, Alegria M, Krieger N. Immigration and generational 
trends in body mass index and obesity in the United States: results of the National Latino 
and Asian American Survey, 2002-2003. Am J Public Health2008 Jan;98(1):70-7. 
 
28. Hazuda HP, Haffner SM, Stern MP, Eifler CW. Effects of acculturation and 
socioeconomic status on obesity and diabetes in Mexican Americans. The San Antonio 
Heart Study. Am J Epidemiol1988 Dec;128(6):1289-301. 
 
29. Van Hook J, Balistreri KS. Immigrant generation, socioeconomic status, and 
economic development of countries of origin: a longitudinal study of body mass index 
among children. Soc Sci Med2007 Sep;65(5):976-89. 
 
30. Popkin BM, Paeratakul S, Zhai F, Ge K. A review of dietary and environmental 
correlates of obesity with emphasis on developing countries. Obes Res1995 Sep;3 Suppl 
2:145s-53s. 
 
31. Popkin BM, Gordon-Larsen P. The nutrition transition: worldwide obesity dynamics 
and their determinants. Int J Obes Relat Metab Disord2004 Nov;28 Suppl 3:S2-9. 
 
32. Popkin BM. Global nutrition dynamics: the world is shifting rapidly toward a diet 
linked with noncommunicable diseases. Am J Clin Nutr2006 Aug;84(2):289-98. 
 
33. Portes A. Immigration theory for a new century: some problems and opportunities. Int 
Migr Rev1997 Winter;31(4):799-825. 
 
34. Papas MA, Alberg AJ, Ewing R, Helzlsouer KJ, Gary TL, Klassen AC. The built 
environment and obesity. Epidemiol Rev2007;29:129-43. 
 
35. Black JL, Macinko J. Neighborhoods and obesity. Nutr Rev2008 Jan;66(1):2-20. 
 
36. Mujahid MS, Roux AV, Shen M, Gowda D, Sanchez B, Shea S, Jacobs DR, Jr., 
Jackson SA. Relation between neighborhood environments and obesity in the Multi-
Ethnic Study of Atherosclerosis. Am J Epidemiol2008 Jun 1;167(11):1349-57. 
 
 102 
 
37. Diez Roux AV, Evenson KR, McGinn AP, Brown DG, Moore L, Brines S, Jacobs 
DR, Jr. Availability of recreational resources and physical activity in adults. Am J Public 
Health2007 Mar;97(3):493-9. 
 
38. Franco M, Diez-Roux AV, Nettleton JA, Lazo M, Brancati F, Caballero B, Glass T, 
Moore LV. Availability of healthy foods and dietary patterns: the Multi-Ethnic Study of 
Atherosclerosis. Am J Clin Nutr2009 Mar;89(3):897-904. 
 
39. Dubowitz T, Smith-Warner SA, Acevedo-Garcia D, Subramanian SV, Peterson KE. 
Nativity and duration of time in the United States: differences in fruit and vegetable 
intake among low-income postpartum women. Am J Public Health2007 Oct;97(10):1787-
90. 
 
40. Osypuk TL, Roux AV, Hadley C, Kandula NR. Are immigrant enclaves healthy 
places to live? The Multi-ethnic Study of Atherosclerosis. Soc Sci Med2009 
Jul;69(1):110-20. 
 
41. Do DP, Dubowitz T, Bird CE, Lurie N, Escarce JJ, Finch BK. Neighborhood context 
and ethnicity differences in body mass index: a multilevel analysis using the NHANES 
III survey (1988-1994). Econ Hum Biol2007 Jul;5(2):179-203. 
 
42. Martin P, Midgley E. Immigration: Shaping and Reshaping America. Washington, 
D.C.:  Population Reference Bureau; 2003. 
 
43. Goel MS, McCarthy EP, Phillips RS, Wee CC. Obesity among US immigrant 
subgroups by duration of residence. JAMA2004 Dec 15;292(23):2860-7. 
 
44. Akresh IR. Overweight and obesity among foreign-born and U.S.-born Hispanics. 
Biodemography Soc Biol2008 Fall;54(2):183-99. 
 
45. Kaplan MS, Huguet N, Newsom JT, McFarland BH. The association between length 
of residence and obesity among Hispanic immigrants. Am J Prev Med2004 
Nov;27(4):323-6. 
 
46. Koya DL, Egede LE. Association between length of residence and cardiovascular 
disease risk factors among an ethnically diverse group of United States immigrants. J Gen 
Intern Med2007 Jun;22(6):841-6. 
 
47. Reither EN, Hauser RM, Yang Y. Do birth cohorts matter? Age-period-cohort 
analyses of the obesity epidemic in the United States. Soc Sci Med2009 
Nov;69(10):1439-48. 
 
48. Reynolds SL, Himes CL. Cohort differences in adult obesity in the United States: 
1982-2002. J Aging Health2007 Oct;19(5):831-50. 
 103 
 
49. Wang YC, Colditz GA, Kuntz KM. Forecasting the obesity epidemic in the aging 
U.S. population. Obesity (Silver Spring)2007 Nov;15(11):2855-65. 
 
50. Park J, Myers D, Kao D, Min S. Immigrant obesity and unhealthy assimilation: 
alternative estimates of convergence or divergence, 1995-2005. Soc Sci Med2009 
Dec;69(11):1625-33. 
 
51. Nichaman MZ, Garcia G. Obesity in Hispanic Americans. Diabetes Care 1991 
Jul;14(7):691-4. 
 
52. Juan AR, Simón B, Teresa G-C, Gustavo O, Jaime S. Nutrition Transition in Mexico 
and in Other Latin American Countries. 2004. p. S149. 
 
53. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, 
Greenland P, Jacob DR, Jr., Kronmal R, Liu K, Nelson JC, O'Leary D, Saad MF, Shea S, 
Szklo M, Tracy RP. Multi-ethnic study of atherosclerosis: objectives and design. Am J 
Epidemiol2002 Nov 1;156(9):871-81. 
 
54. Pouliot MC, Despres JP, Lemieux S, Moorjani S, Bouchard C, Tremblay A, Nadeau 
A, Lupien PJ. Waist circumference and abdominal sagittal diameter: best simple 
anthropometric indexes of abdominal visceral adipose tissue accumulation and related 
cardiovascular risk in men and women. Am J Cardiol1994 Mar 1;73(7):460-8. 
 
55. Wei M, Gaskill SP, Haffner SM, Stern MP. Waist circumference as the best predictor 
of noninsulin dependent diabetes mellitus (NIDDM) compared to body mass index, 
waist/hip ratio and other anthropometric measurements in Mexican Americans--a 7-year 
prospective study. Obes Res1997 Jan;5(1):16-23. 
 
56. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 
and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional 
report of a WHO consultation. Diabet Med1998 Jul;15(7):539-53. 
 
57. Martin P, Midgley E. Immigration: Shaping and Reshaping America. Population 
Bulletin 61. Washington, D.C.: Population Reference Bureau, 2006. 
 
58. Dockterman D, Velasco G. Statistical Portrait of Hispanics in the United States, 2008. 
Pew Hispanic Center. Available at: 
http://pewhispanic.org/factsheets/factsheet.php?FactsheetID=58. 
 
59. LaMonte MJ, Durstine JL, Addy CL, Irwin ML, Ainsworth BE. Physical activity, 
physical fitness, and Framingham 10-year risk score: the cross-cultural activity 
participation study. J Cardiopulm Rehabil2001 Mar-Apr;21(2):63-70. 
 104 
 
60. Mayer-Davis EJ, Vitolins MZ, Carmichael SL, Hemphill S, Tsaroucha G, Rushing J, 
Levin S. Validity and reproducibility of a food frequency interview in a Multi-Cultural 
Epidemiology Study. Ann Epidemiol1999 Jul;9(5):314-24. 
 
61. Nettleton JA, Steffen LM, Mayer-Davis EJ, Jenny NS, Jiang R, Herrington DM, 
Jacobs DR, Jr. Dietary patterns are associated with biochemical markers of inflammation 
and endothelial activation in the Multi-Ethnic Study of Atherosclerosis (MESA). Am J 
Clin Nutr2006 Jun;83(6):1369-79. 
 
62. Jacobs DR, Jr., Hannan PJ, Wallace D, Liu K, Williams OD, Lewis CE. Interpreting 
age, period and cohort effects in plasma lipids and serum insulin using repeated measures 
regression analysis: the CARDIA Study. Stat Med1999 Mar 30;18(6):655-79. 
 
63. Littell RC, Milliken GA, Stroup GA, et al. SAS System for Mixed Models. Cary, NC: 
SAS Institute Inc; 1996. 
 
64. Singh GK, Siahpush M. Ethnic-immigrant differentials in health behaviors, 
morbidity, and cause-specific mortality in the United States: an analysis of two national 
data bases. Hum Biol2002 Feb;74(1):83-109. 
 
65. Dey AN, Lucas JW. Physical and mental health characteristics of U.S.- and foreign-
born adults: United States, 1998-2003. Adv Data2006 Mar 1(369):1-19. 
 
66. Barcenas CH, Wilkinson AV, Strom SS, Cao Y, Saunders KC, Mahabir S, 
Hernandez-Valero MA, Forman MR, Spitz MR, Bondy ML. Birthplace, years of 
residence in the United States, and obesity among Mexican-American adults. Obesity 
(Silver Spring)2007 Apr;15(4):1043-52. 
 
67. Sundquist J, Winkleby M. Country of birth, acculturation status and abdominal 
obesity in a national sample of Mexican-American women and men. Int J Epidemiol2000 
Jun;29(3):470-7. 
 
68. Karlamangla AS, Merkin SS, Crimmins EM, Seeman TE. Socioeconomic and ethnic 
disparities in cardiovascular risk in the United States, 2001-2006. Ann Epidemiol 
Aug;20(8):617-28. 
 
69. Singh GK, Siahpush M, Hiatt RA, Timsina LR. Dramatic Increases in Obesity and 
Overweight Prevalence and Body Mass Index Among Ethnic-Immigrant and Social Class 
Groups in the United States, 1976-2008. J Community Health Jun 12. 
 
70. Wolin KY, Colangelo LA, Chiu BC, Gapstur SM. Obesity and Immigration Among 
Latina Women. J Immigr Minor Health2008 Jan 9. 
 
 105 
 
71. Echeverria S, Diez-Roux AV, Shea S, Borrell LN, Jackson S. Associations of 
neighborhood problems and neighborhood social cohesion with mental health and health 
behaviors: the Multi-Ethnic Study of Atherosclerosis. Health Place2008 Dec;14(4):853-
65. 
 
72. Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline 
adjustment useful in analyses of change? An example with education and cognitive 
change. Am J Epidemiol2005 Aug 1;162(3):267-78. 
 
73. Steffen PR, Smith TB, Larson M, Butler L. Acculturation to Western society as a risk 
factor for high blood pressure: a meta-analytic review. Psychosom Med2006 May-
Jun;68(3):386-97. 
 
74. Pedraza S, Mahalingam R. Assimilation or Transnationalism? Conceptual Models of 
the Immigrant Experience in America. Cultural psychology of immigrants. Mahwah, NJ, 
US: Lawrence Erlbaum Associates Publishers; 2006. p. 33-54. 
 
75. Morland K, Diez Roux AV, Wing S. Supermarkets, other food stores, and obesity: the 
atherosclerosis risk in communities study. Am J Prev Med2006 Apr;30(4):333-9. 
 
76. Morland KB, Evenson KR. Obesity prevalence and the local food environment. 
Health Place2009;15(2):491-5. Epub 2008 Oct 7. 
 
77. Berry TR, Spence JC, Blanchard C, Cutumisu N, Edwards J, Nykiforuk C. Changes 
in BMI over 6 years: the role of demographic and neighborhood characteristics. Int J 
Obes (Lond) Feb 16. 
 
78. Dubowitz T, Subramanian SV, Acevedo-Garcia D, Osypuk TL, Peterson KE. 
Individual and neighborhood differences in diet among low-income foreign and U.S.-
born women. Womens Health Issues2008 May-Jun;18(3):181-90. 
 
79. Rumbaut RG, Portes A, eds. Introduction -- Ethnogenesis: Coming of Age in 
Immigrant America. In: Ethnicities: Children of Immigrants in America. Berkeley: 
University of California Press; 2001. p. 1-20. 
 
80. Galea S, Ahern J, Karpati A. A model of underlying socioeconomic vulnerability in 
human populations: evidence from variability in population health and implications for 
public health. Soc Sci Med2005 Jun;60(11):2417-30. 
 
81. Levins R, Lopez C. Toward an ecosocial view of health. Int J Health 
Serv1999;29(2):261-93. 
 
82. Seidell JC, Visscher TL. Body weight and weight change and their health 
implications for the elderly. Eur J Clin Nutr2000 Jun;54 Suppl 3:S33-9. 
 106 
 
 
83. Mujahid MS, Diez Roux AV, Morenoff JD, Raghunathan T. Assessing the 
measurement properties of neighborhood scales: from psychometrics to ecometrics. Am J 
Epidemiol2007 Apr 15;165(8):858-67. 
 
84. Echeverria SE, Diez-Roux AV, Link BG. Reliability of self-reported neighborhood 
characteristics. J Urban Health2004 Dec;81(4):682-701. 
 
85. Larson NI, Story MT, Nelson MC. Neighborhood environments: disparities in access 
to healthy foods in the U.S. Am J Prev Med2009 Jan;36(1):74-81. 
 
86. Boone-Heinonen J, Evenson KR, Song Y, Gordon-Larsen P. Built and socioeconomic 
environments: patterning and associations with physical activity in U.S. adolescents. Int J 
Behav Nutr Phys Act;7:45. 
 
87. Mujahid MS, Diez Roux AV, Borrell LN, Nieto FJ. Cross-sectional and longitudinal 
associations of BMI with socioeconomic characteristics. Obes Res2005 Aug;13(8):1412-
21. 
 
88. Diez-Roux AV, Kiefe CI, Jacobs DR, Jr., Haan M, Jackson SA, Nieto FJ, Paton CC, 
Schulz R. Area characteristics and individual-level socioeconomic position indicators in 
three population-based epidemiologic studies. Ann Epidemiol2001 Aug;11(6):395-405. 
 
89. Osypuk TL, Bates LM, Acevedo-Garcia D. Another Mexican birthweight paradox? 
The role of residential enclaves and neighborhood poverty in the birthweight of Mexican-
origin infants. Soc Sci Med Feb;70(4):550-60. 
 
90. Lovasi GS, Hutson MA, Guerra M, Neckerman KM. Built environments and obesity 
in disadvantaged populations. Epidemiol Rev2009;31:7-20. 
 
91. Moore LV, Diez Roux AV, Nettleton JA, Jacobs DR, Jr. Associations of the local 
food environment with diet quality--a comparison of assessments based on surveys and 
geographic information systems: the multi-ethnic study of atherosclerosis. Am J 
Epidemiol2008 Apr 15;167(8):917-24. 
 
92. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity 
among US adults, 1999-2000. JAMA2002 Oct 9;288(14):1723-7. 
 
93. Wang Y, Beydoun MA. The obesity epidemic in the United States--gender, age, 
socioeconomic, racial/ethnic, and geographic characteristics: a systematic review and 
meta-regression analysis. Epidemiol Rev2007;29:6-28. 
 
 107 
 
94. Mensah GA, Mokdad AH, Ford E, Narayan KM, Giles WH, Vinicor F, Deedwania 
PC. Obesity, metabolic syndrome, and type 2 diabetes: emerging epidemics and their 
cardiovascular implications. Cardiol Clin2004 Nov;22(4):485-504. 
 
95. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity 
among US adults, 1999-2008. JAMA Jan 20;303(3):235-41. 
 
96. National Health and Nutrition Examination Survey, National Center for Health 
Statistics: (http://www.cdc.gov/nchs/nhanes.htm). 
 
97. House JS, Kessler RC, Herzog AR. Age, socioeconomic status, and health. Milbank 
Q1990;68(3):383-411. 
 
98. Klein RJ SC. Age adjustment using the 2000 projected U.S. population. Hyattsville, 
MD: National Center for Health Statistics. January 2001. 
 
99. Zhang Q, Wang Y. Socioeconomic inequality of obesity in the United States: do 
gender, age, and ethnicity matter? Soc Sci Med2004 Mar;58(6):1171-80. 
 
100. Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review of the literature. 
Psychol Bull1989 Mar;105(2):260-75. 
 
101. Ogden CL, Lamb MM, Carroll MD, Flegal KM. Obesity and socioeconomic status 
in adults: United States, 2005-2008. NCHS Data Brief Dec;2010(50):1-8. 
 
102. Rubalcava LN, Teruel GM, Thomas D, Goldman N. The healthy migrant effect: new 
findings from the Mexican Family Life Survey. Am J Public Health2008 Jan;98(1):78-
84. 
 
103. Goldman N, Kimbro RT, Turra CM, Pebley AR. Socioeconomic gradients in health 
for white and Mexican-origin populations. Am J Public Health2006 Dec;96(12):2186-93. 
 
104. Boykin S, Diez-Roux AV, Carnethon M, Shrager S, Ni H, Whitt-Glover M. 
Racial/ethnic heterogeneity in the socioeconomic patterning of CVD risk factors: in the 
United States: the multi-ethnic study of atherosclerosis. J Health Care Poor 
Underserved;22(1):111-27. 
 
105. Pew Hispanic Center. The Mexican-American Boom: Births Overtake Immigration. 
Pew Hispanic Center: Washington, D.C., 2011. 
 
106. Durand J, Massey DS, Zenteno RM. Mexican immigration to the United States: 
continuities and changes. Lat Am Res Rev2001;36(1):107-27. 
 
 108 
 
107. Mazumder B. Earnings Mobility in the US: A New Look at Intergenerational 
Inequality WP-2003-16. Chicago: Federal Reserve Bank of Chicago 2003. 
 
108. Borjas GJ. Making it in America: social mobility in the immigrant population. 
Future Child2006 Fall;16(2):55-71. 
 
109. Biafora FA, Longino CF, Jr. Elderly Hispanic migration in the United States. J 
Gerontol1990 Sep;45(5):S212-9. 
 
110. Marin P, Darin N, Amemiya T, Andersson B, Jern S, Bjorntorp P. Cortisol secretion 
in relation to body fat distribution in obese premenopausal women. Metabolism1992 
Aug;41(8):882-6. 
 
111. Marniemi J, Kronholm E, Aunola S, Toikka T, Mattlar CE, Koskenvuo M, 
Ronnemaa T. Visceral fat and psychosocial stress in identical twins discordant for 
obesity. J Intern Med2002 Jan;251(1):35-43. 
 
112. Epel ES, McEwen B, Seeman T, Matthews K, Castellazzo G, Brownell KD, Bell J, 
Ickovics JR. Stress and body shape: stress-induced cortisol secretion is consistently 
greater among women with central fat. Psychosom Med2000 Sep-Oct;62(5):623-32. 
 
113. Glass TA. Commentary: culture in epidemiology--the 800 pound gorilla? Int J 
Epidemiol2006 Apr;35(2):259-61; discussion 63-5. 
 
114. Kirtland KA, Porter DE, Addy CL, Neet MJ, Williams JE, Sharpe PA, Neff LJ, 
Kimsey CD, Jr., Ainsworth BE. Environmental measures of physical activity supports: 
perception versus reality. Am J Prev Med2003 May;24(4):323-31. 
 
115. Ball K, Jeffery RW, Crawford DA, Roberts RJ, Salmon J, Timperio AF. Mismatch 
between perceived and objective measures of physical activity environments. Prev 
Med2008 Sep;47(3):294-8. 
 
116. Yancey AK, Kumanyika SK, Ponce NA, McCarthy WJ, Fielding JE, Leslie JP, 
Akbar J. Population-based interventions engaging communities of color in healthy eating 
and active living: a review. Prev Chronic Dis2004 Jan;1(1):A09. 
 
117. Eyler AA, Baker E, Cromer L, King AC, Brownson RC, Donatelle RJ. Physical 
activity and minority women: a qualitative study. Health Educ Behav1998 Oct;25(5):640-
52. 
 
118. Schulz AJ, Zenk S, Odoms-Young A, Hollis-Neely T, Nwankwo R, Lockett M, 
Ridella W, Kannan S. Healthy eating and exercising to reduce diabetes: exploring the 
potential of social determinants of health frameworks within the context of community-
based participatory diabetes prevention. Am J Public Health2005 Apr;95(4):645-51. 
 109 
 
119. Evenson KR, Sarmiento OL, Macon ML, Tawney KW, Ammerman AS. 
Environmental, policy, and cultural factors related to physical activity among Latina 
immigrants. Women Health2002;36(2):43-57. 
 
120. Van Duyn MA, McCrae T, Wingrove BK, Henderson KM, Boyd JK, Kagawa-
Singer M, Ramirez AG, Scarinci-Searles I, Wolff LS, Penalosa TL, Maibach EW. 
Adapting evidence-based strategies to increase physical activity among African 
Americans, Hispanics, Hmong, and Native Hawaiians: a social marketing approach. Prev 
Chronic Dis2007 Oct;4(4):A102. 
 
121. Afable-Munsuz A, Ponce NA, Rodriguez M, Perez-Stable EJ. Immigrant generation 
and physical activity among Mexican, Chinese & Filipino adults in the U.S. Soc Sci Med 
Jun;70(12):1997-2005. 
